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imporfcanfc that hm btjon put forward sinco tho ©ifcablishmentof tho 
afcoraio tlusory. It iw thuroforo intorosting to noto that Profoesor 
MendelteiT was lad to ita daoovary in pnjparing tho firtfc Koisiaa 
©dition of this book. 

It is natural, too, that the further application and dOTolopm«a6 
of that generalisation ihould bo the prlnoipdi feature of tills, the 
latet edition. 

Thor© are ipwlal difQonltiai in rendering the Euwdon laa* 
gui^ into good English, and we are conscious that tii« havf 
not bom o?oroon3& DoubtiM idiN^ are mmm ot 










iagly in hi« teacliing He endeftvoam to impreia upon the student 
the pmd 2 )les of tUe soianoo, the genewdisationi, so far m they haw 
been diioovered, tindar whJoh tibe foots nafcnridly group fchemsel'res. 
Of tliow genomliifttions the periodio law i« perhaps the mwrt 




fttoraio theory. It ia Uusroftjro iutorostiiig to note that Proftisior 
Mendeldeff waa 1«I to iti diiTOvety in preparing th© first EutsAua 
edition of tliia l)ook. 

It ia natural, too, that the further application and dwelopmoafe 
of that gtBneralimtion should bo the principal feature of this, th® 
latest ddition. 

There are ipocial difflonltl* in rrodering the Eussian ka- 
guig® into good English, and wo are oonsoiotts th^ tk«6 haf® 
not bm entirely ofereome. DoubUm also Idmo «m more of 
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atatomenl; which have escaped correction, but we believe that the 
present edition will be found better in both respects than its pre¬ 
decessor. We have thought it our duty as translators to give as 
far as possible a faithful reproduction of Professor Mendeldeifs 
work—the sixth Russian edition—without amplifying or modifying 
his statements, and in this we have the author's approval. 

Although other duties have prevented Mr. Greenaway from 
undertaking the care of the present edition, he has been kind 
enough to give us the benefit of his suggestions on several points. 
We also wish to thank the Managers of the Royal Institution for 
permission to reprint the lecture delivered at the Royal Institution 
by Professor Mendelfieff (Appendix I.), and to the Oounoil of the 
Chemical Society for permission to reprint the Faraday lecture 
which forms Appendix II. 

In conclusion, we are indebted to Mr. F, Bvershed, who hw 
given 08 much valuable assistenod b revidng the sheets ibr the 
press. 


4v(/utt 1807 


G. K. 

T. A. L. 
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THE SIXTH B08SIAN BDITIOH 


This work was written during the years 1868-1870, it» object 
being to acquaint tlio student not only with the naotliods of observa¬ 
tion, tho ©xporimontal facte, and the laws of chemistry, but also 
with tho insight given by this aoience into tho unchangeable sub- 
stratum underlying tho varying forms of matter. 

If statemonte of foot themaolvea depend upon tha person who 
obsorves them, how much more distinct is tho reflection of tho per¬ 
sonality of him who gives an account of methotls and of philosophical 
speculations which form the Msenoe of science 1 For tlik reason there 
will inevitably bt) much that is subjective in every objective exposi¬ 
tion of science. And as an individual production is only significant 
In virtue of that which has preceded and that whioh is oontemporaiy 
with it, it resemble^ a mirror which in reflecting exaggerates the 
iixe and clearneas of uoighlHmriug objiKita, and causes a jjorson near 
it to ioe reflwtcMl most plainly tlioso objects which are on tho side 
to which it is directed. Although I have endeavoured to make my 
book a true mirror directed towards the whole domain of chemical 

dhangea, yet involuntarily thc»e influences nmr to me have lH»n tibe 

most olearly reflected, the mmt brightly illuminated, and have tinted 
the entire work with their colouring. In this way the chief peon- 
liarity of the book haa been determined. Experimental and 
piactind data occupy their place, but the pbllMophioal prindipk« 
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of our science form tbe chief theme of the work. In former times 
sciences,-like bridges, could only be built up by supporting them 
on a few broad buttresses and long girders. In addition to the 
exposition of the principles of chemistry, it has boon my desire to 
show how science has now been built up like a suspension bridge, 
supported by the united strength of a number of Blunder, but 
firmly-fixed, chains, which individually are of little strength, and 
has thus been earned over difficulties which before appeared in** 
superable. In comparing the science of tho past, the present, and 
the future, in placing the particulars of its restricted oxporimonta 
side by side with its aspirations after unbounded and infinite 
truth, and in restraining myself from yielding to a bios towards 
the most attractive path, I have ondoavonrod to incite in the reiuler 
a spirit of inquiry, which, dissatisfied with speculative roosonings 
alone, should subject every idea to experiment, encourage the habit 
of stubborn work, and excite a search for fresh chains of evidence to 
complete the bridge over the bottomless unknown. HiBtOry proves 
that it is possible by this means to avoid two ociually pomioious 
extremes, the Utopian—a visionary contemplation which pi'ocmds 
from a current of thought only—and the stagnant realism which 
is content with bare facts. Sciences like chemiitry, wliiob deal 
with ideas as well as with material substances, and create a jxwil* 
bility of immediately verifying that which has been or may be 
discovered or assumed, demonstrate at every step that tho work 
of the past has availed much, and that without it it would be 
impossible to advance into tho ocean of fchfe unknown. Thc'y 
also show the possibility of becoming acquainted with {h«h 
portions of this unknown, and compel us, whUe duly respecting 
the teachings of history, to cast aside classical illusions, and to 
engage in a work which not only gives mental satiifaction but is 
also practically useful to all our fellow-creatures.' 

' CheruiBlry, like every other eoienoe, is once a means and am (ind. It ii a 
means of attaining certain prootloal results. Thus, by its asiistance, the qbwlnle^ 
of matter in its various forms is facilitated; it shows new pos»iWlili«s of availlnf 
ourselves of the forces of nature, indicates the melhoda of propMlng many «oh< 
stances, points out their properties, &o. In this sense ohemlilry ii dowdy oonntoUad 
with the work of the manufacturer ahd the artisan, its sphere I# aoUv®, and ii a 
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Thus the desire to direct those thirsting for truth to the pure 
source of the science of the forces acting throughout nature forms 

in©ar»8 ot promoting genjaral wdttae. Besides this honoarable vocation, chemistry 
has another. With it, as with every other elaborated soieuoe, there are many lofty 
aspirations, tho contemplation ot which serves to inspire its workers and adherents. 
This contemplation comprises not only tho principal data of tho soionoo, but also 
the generally-accepted deductions, and also hypothosos which rofor to phenomena 
as yet but imperfectly known.. In this latter sense soiontlfie oontomplation varies 
much with times and persons, it bears the stamp of creative power, and em- 
hraooB tho highest forms of sclentifio progress. In that pure enjoyment ox- 
perienoed on npproaoUing to the ideal, in that eagerness to draw aside the veil 
from tho hidden truth, and even in that disoord which exists between the varloua 
workers, we ought to see tho surest pledges of further scientific progress. Science 
thus ^vanoes, discovering new truths, and at the some time obtaining praotiool 
results. The edifice of solenee not ofily requires material, but also a plan, and 
necessitates the work of preparing the materials, putting them together, working 
out the plans and the symmeitioal proportions of the various parts. To conceive, 
understand, and grasp tlie whole symmetry of the edenUfle cdlCioc, Including ite 
opflnloliied portions, is equivalent to testing that enjoyment only bonveyed by the 
highest forms of beauty and truth. Without the material, the plan alone is but 
a castle in the air—a mere possibility; whilst tho material without a plan is but 
useless matter. All depends on tho oonootdanoo of tho nuvtoriak with tho plan and 
exeoution, and the general harmony thereby attained. In tho work of soionco, tho 
artisan, orehitcot, and creator ore very often one and the some individual; but 
sometimes, as in other walks of life, iboro is a dillcrenoe between them; somoUmes 
the plan is preeonoeivod, sometimes it follows Ute preparation and aeeumulaUon 
of the raw matpcriol. Free aeoMS to the ediUeo of Mienoe is not only'allowed to 
those who devised the plan, worked out the detailed drawings, prepared the 
materials, or piled up the brickwork, but also to aU those who are desirous of 
making a dose aoquaintanoo with the plan, and wish to avoid dwtUing in the 
vaults or in the garrets where the umIws lumber is stored. 

Knowing how contented, frm, and joyful is Ufa in the realm of science, one 
fervently wiahei that many would* enter its portola. On this aooount many 
pages of this treatise ore unwittingly atomped with the aarneet dMira that the 
habits of chemical contemplation which I have endeavoured to. inetU into the 
minds of my readers will indie them to the further study of odenM. Bdenee wiU 
ilien iluurish in them and by them, on a fuller ao({Utdnianoo not only with tlial 
little whiuh ia enoluMd within the narrow iitnils of my work, but with the furtltcr 
learning which they must imbibe in order to make thMuedvee mastoira of oar 
edence and portokere in its farther advortoement. 

Those who enUst in the cause of sdenee have no reason to fear when they 
rtmember the urgent need for praotiool worker# la the spherw of agriculture, arto^ 
and manufaotur®. By summoning mlharentM to the work of theoretical ehemistry,, 
{ am confident that I caU them to a most useful labour, to the habit of dmling 
©omwUy with nature and Its laws, and to tho potsibiUtyof becoming truly praeUcal 
mwJ. In order to bootjme actual ohemista, it i» noewiaary for b^inuer# to be waU 
and elosdy aotioaintod wsih throe impcMrtant brormhes of obsmiatry—analyUMJL, 
organio, and thooreUeah That part of chemistry wlneh u dmlt with in thlii 
traaUM ia only the pumtdwork ot tb« edifioo. for the learaing and davdbpmtol 
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the first and most important aim of this book. The time has ar¬ 
rived when a knowledge of physics and chemistry forms as im¬ 
portant a part of education as that of the classics did two centuries 
ago. In those days the nations which excelled in classical learning, 
stood foremost, just as now the most advanced arc those which or® 
superior in the knowledge of the natural sciences, for they form 
the strength and characteristic of our times. In following the above 
and chief aim, I set myself a second object: to furnish a text-bc»k 
for an elementary knowledge of chemistry and so satisfy a want 
which undoubtedly exists among students and those who hav® re¬ 
course to chemistry either as a source of truth or welfare,* Hence, 

of chemistry In its truest and fullest sense, beginners ought, in the first plaoe, to 
turn their attention to the praotioal Mrorje of analytloal ohsralstrj; In the seMod 
plaoe, to praotioal and theoretical acquaintance with some sp4Mtal ohemioal 
tion, studying the original treatises of the investigators of the subject {at Artt, 
under the direction of experienced teachers), because in working out 
facts the faculty of judgment and of oorreot oritioism becomes sharpened i b the 
third place, to a knowledge of ourrent scientific queitloDS through the speobl 
chemical journals and papers, and by intercourse with other ohemisis. The ttme 
has oome to turn aside from visionary contemplation, from platunic aapiratbns, 
and from classical verbosity, and to enter the regions of actual labour for tha 
common weal, to prove that the study of soienoe is not only an excellent ednofttilM 
for youth, but that it instils the virtues of industry and veracity, and cimt«« ioUd 
national wealth, material and mental, which without it would b« unattabahla.. 
Science, which deals with the bfinite, is Itself without bound*. 

• I recommend those who are oommenobg the etudy of chemieiry with my 
book fo fir it read only wTuii is printed in the targe ^Kpe, because b that pearl I 
have endeavoured to concentrate all the fundamental, bdispeneable kaowkdite 
required for that study. In the footnotes, printed b (ttuidl type (which should ha 
read only after the large text has been mastered), certato details arc dlaco 4 i*^l 
they ore either farther examples, or debatable question# on exlsUng !d«M whidb 
I thought useful to lay before those ent^rbg bto the sphm of wfenoe, or 
historical and technical details which might be withdrawn from tha fomiaBJwled 
portion of the book. Without bteadbg to attab in my hrMte to the wm pl rto - 
ness. of a work of tefereoce, I have stUl endeavoured to. mEprtM tha priwiipJi 
developments of science as they conoora tha chamleal elamMls b th«l 

aspect b which they appeared to me after long oontbued study of the suhj^ mS 
participalion in the oontemporary advance of knowledge. 

I have also placed my person^ views, supposiUona, and sjtpuaenls b ibe f w Ar 
notes, whioh.are chiefly designed for details and tdmnam. But 1 hav» wdeawwid 
to avoid here, as in tha text, not only aU that I oonsidw doubtful, hut aleo Ihm 
details which belong either to special branohie of ohomlttoj (ter to 

analytical, organio, physical, theoretioal, physiological, agricuUural, w 
chemistry), or to different branches of natural solMoe which are more and mon» 
coming bto closer and closer contact with eh^OEtislary. I am wnribaed, 
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although the fundamental object of thia work was to express and 
embrace the general chemical teaching of the present day from a 
personal point of view, I have nevertheless striven throughout to 
maintain such a level as would render the ‘ Principles of Chemistjy * 
accessible to the beginner. Many aspects of this work are deter¬ 
mined by this combination of requirements which frequently differ 
widely. An issue was only possible under one condition, i.e. not 
to be carried away by what appears to be a plausible theory in ex¬ 
plaining individual foots and to always endeavour to transmit the 
simple truth of a given fact, extracting it from the vast store of the 
literature of the subject and from tried peraonal experience. In 
publishing a new edition of this work I have striven to add any foots 
of importance reoentily discovered ® and to revise the former edition 
in the above spirit. Wifch this object I have entirely gone over this 
edition, and a comparison of it with the former one will show that 
the additions and alterations have cost as much labour as many 

nauat occupy «. place aTOong tbo natural acieneeB nida by side with moohanlca; tor 
mechanioB treatn of matter m a ayatem of ponderable pointa having aoaroely any 
individuality and only atandlng in a certain aiate of mobile (xptiUbrium. For 
ohemlalry, matter in an enUro world of life, with an inflalto variety of individuality 
both in the ekmente and in their oombinatlons. In studying the general 
uniformity from a meohanioal point of view, I think that the higheat point ol 
knowledge of nature cannot be attained without taking into aoocunt the indl* 
viduelity of things in whioh ohemiHtry in set to aeek for general higher laws. 
Mechanio* may be likened to the aoienoe of atatMiuanaldp. ohuaktry to the Miant^s 
of juriKprudenoi and Roelology. The general mhmm oonld not be built up without 
the particular individual unlverM, and would be a-dry abetraet ware it not enlivened 
by the iml vmitly of the individual world. Meohanloa forma ^e olaanloal baalit of 
natural phlloaopb^, whhe <d5«aittry, m a oomparaMvely new and etiil young BolenMi, 
already •trlvM to—and will, to the future—lntmdaoe a now, livi^ aaptet into 
the philoBophy of nature j all the more a# ehomietiy alone i« never at rest or any* 
where dead- ita vital action has universal away, and inevitably detemninM tho 
general wpeot of the univer««. 3ml m tho roioroMopo and l«l® 80 oi>« enlarge the 
eoopo of vi«ioa, and diaoover life In eeeraing immobility, ao ©himistry, in diaeovering 
aud etrivlng to diaMm the life of Ute invlaiblo world of atoms and niokculM 
wad their ulUmato Umit of diviaibllity, will olwly introduoa new and fraiKsrtant 
iproblama into our oouMption of nature. And 1 think that iti rAk, which ii now 
©oualdwabl#, will Ineroas# mew and mow In tho fatuiw \ that le, I tliink that in 
its further davdopmont it wiU oooupy a plao© ddo by aid® with maohaniMi for tha 
ocmprehenalon of the aaowta of nature. But h»r« w® roguiw »om© atooud Ntwtou j 
»ud I havB no donbt that h# will aooa appear. 

• I was mueh helped to gathwlag data from the vaxtena ©hamleal joumaJi ol 
lb© lait five ymr# by th# abatraeto mad© for ma by Hr V. V. Eourilioflf, to whom 1 
twadar my beti tbimki. 
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naturally have ignored it, or only mentioned it ouraorily, bat saoh a 
treatment of solutions, although usual in elementary treatises on 
chemistry, would not have answered my views upon the subject of 
our science, and I wished that the reader might find in my book 
beyond everything an expression of all that a study of the subject 
built up for .me. If in solutions I see and oan frequently prove 
distinct evidences of the existence of those definite impounds 
which form the more generalised province of cheraiml data, I 
could not refrain from going into certain detaili roipoctlog 
solutions; otherwise, there would have remained no trace of that 
general idea, that in them we have only a certain inatanoe of ordi¬ 
nary -definite or atomic compounds, subject to Dalton's law*. 
Having long had this idea, I wished to impress it upon the 
reader of my book, and it is this desire which fonns tbe stwnd of 
those chief reasons why I recur so frequmtly to aolutioni in this 
work. At present, my ideas respecting iolutioni arc ilmred by 
few, but I trust that by degrees tbe instance I give will pave 
the way for their general recognition, and it ii my hope that they 
may find adherents among those of my readers who arc in a 
position to work out by experiment this difficult but highly 
interesting prdblem. 

In conclusioD, I desire to record my thanks to V. D. Sspogenikolf, 
who has corrected the proofs of the whole of this edition and com¬ 
piled the indexes which greatly faoiUtafcd the m^h for th^ 
details which are scattered throughout the work. 


D. MENDBLl^BfF, 
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INTEODUCTION 

Tbb study o? natural soienoe, whos© rapid dovelopmont dates from 
the days of Galileo (11642) and Newton (tl727), and its closer applica¬ 
tion to the external universe ‘ led to the separation of Ohemiatry as a 

' Tlte invaHtigntlon of a flubtiatm or a natTirttl phenomenon oouBleto (a) In determin¬ 
ing iho rolakiou of the objeot tmdor examination to that whioh is already known, either 
irom proviouB reBoarohos, or from exiierimont, or from the Jcnowlodga of the oomraon 
anrrounding* of life—"that la, in dotonuining and oxpre«wing the quality of the unknown 
by the aid of that whioh ie known; (h) in meatturiiig all tliat wliioh cuwn ho aubjeoted to 
meaflarement, and thereby denoting U» eiunntitativo relation of tliat under invimtlgation 
to Uiat already knovm and itw relation to tlie oategoriu of time, apaoe, teiuporatnro, 
maao, &o.; (o) in determining tlie portion held by the objeet under inveaUgatlon in tile 
eystem of known ohjeeta guided by both qualitative and quantitative data j (d) in de¬ 
termining, from tlie quanfeilie* whioh Imva hmn measured, the empirieal (vialblo) depen* 
deneo (fuaeUon, or ‘ law,' a» It i« aometlmea termed) of variable faotora—-for Inatonoe, the 
dependenoe of the eompoaiUon of Uie Bubataneo on ita propertieo, of temperature on 
time, of time on looality, &o. t («) In framing hyimtheMS or propoalUone as to the oelnal 
eauM and true naluro of the ration between that ntudied (meaaured or ohMrved) and 
that whioh In known or the eategorlea ^ time, ipaee, iko.; (/) in verifying the 
eoneeqttenoM of the hypothwes by eaqpedmMti.and. (g) in advanoing a theory whJeh 
eheJl aeoomt for the of ttie pro^ttiM of that tinned in Its relafci|oM with Uibi^pi 
already Imovra and with time oonMons or eatiforiM amimf widdh it «dete. It te 
oertain that II le ordy poMibk to mxtf out thee# Invwtigationfl when we have taken as 
a baaie oomo InocmteBiahlo faet whioli le eeli-evidml to onr nndmtanding; ae, for instanee, 
OumlKir, tinm, upat'o, motion, or uianB. Tim dolunuination of euoli primary or fuada- 
tnontol Oonoopliunti, alUmngli not oxolmlml from Uio poiiHiliility of invoNtigation, frw]uently 
d»8 not aubjiwl Itftplf to our proiwiit mwlti of eriMitifitt goimmliiiation. lltmoo it follows 
that in the iuve»ligaUaa of anytlUng, th«r« tdwaye remainn eomeUdng wliioh i« adapted 
without iuvMtigalInn, or admittad aa a known faetur. The oJtioina of geometry may be 
taken ae on extunpln. Time in ttie eoienM of biolotl^ it is nimewary to admit Um faeulty 
of organ iwne for iuultitdying tliMnwlvMi, as a eono«[>tiorn whote mmuing le aa yet 
nnknowm In Urn «tudy of eliemistiy, too, Um tmliim of olementB must b« areepted aimoft 
without any furUier anaiyaie. However, by ftf»t invosUgaUng that whioh l» vWbie and 
BubjMfc to direct olmervaWan by the organs of Urn mam», w« may hop* Hml in tfieflwt 
piano liyiHiUiosM will be arrived at, and afterwards of that whioh hai now to bo 

piaoed at Um iMtais ul our InvwUgatkma The ndnde of th« a»«teta efcmve to mIw at 
one# Itw very frmdamootal ealegoribo of invoatigatiioni whilal all tho miomwm of 
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particular branch of natural philosophy, not only owing to tho in* 
creasing store of observations and experiments relating to the mutual 
transformations of substances, but also, and more especially, because 
in addition to gravity, cohesion, heat, light and electricity it became 
necessary to- recognise the existence of particular internal forces in the 
ultimate parts of all substances, forces which make themselves manl. 
fest in the transformations of substances into one another, but remain 
hidden (latent) under ordinary ciroumstanoos, and whoso oklatondo enn- 
not therefore be directly apprehended, and so for a long time remained 
unrecognised. The primary objoot of ohemistry is tho study of the 
homogeneous substances^ of which all tho objects of tho universe are 


knowledge are based on the abovo-dltod method o( Inveeti^Uoti without tho datormias, 
Hon of ‘ the beginning of all beginning.’ By following thl# induoUv® msUuid, th« 
ecienoas have already sufloaedad in becoming oocuratalj ao^uainlsd wiUr mutsh of th« 
invisibla world, wbioh dlrootly ia imporoeptiblo to U»e organa of mim« (for wtampte, tbs 
moleoular motion of all bodioB, tho composition of the h«»,y«nly lomfflari«Ni, the patits of 
their motion, the nocossity for the oxistanoo of subsUnoes whioh ^twl be 
to experiment, &o.), and hare varidad tho Jraowladge thus obtained, and omjdoyod it for 
increasing tho interests of humanity. It may thoreiore b« sofdy eold tliat iJks Mtlm’ 
Hve method of inveetigation ia a more parfobt mode of ooqolrlng kttawMge than tins 
dednotive method alone (storting from a UtUio of the unknown nooeptod oa inwotoatol^ 
to arrive at the much whioh is risible and observable) by which the onoimy lo 
embrace the uidrerse. By bvostlgatlng tho univorso by on indaotire itiothml (mdoavow 
ing from the much whioh is observable to anivo at a litUe whioh way b« veriflw) 
is indubitable) the new soienoe refuses to reoognjse dogma os truth, but through 
by a slow and laborious method of Inrestigatlou, strivMi lot and attains to (m« 4^ 
dnotions. 


* A snhstanoe or matorial is that which oooupies spMO and has waight; t he ! 
whioh presents a mass attiooted by the earth and by other wasew of mataM, et 
whioh the objects of nature are composed, and by means of which the mutiona m4 
phenomena of nature are aooomplished. It is easy to discover hy examining and 
investigating, by various methods, the objects met with in nature and in the oritt, ib n t 
some of them are homogeneous, whilst others are oompOMd of a w(xtur« of sowm} 
homogeneous substances. This is most clearly apparent in solid snlMtwMS. TW 
metals used in tho arts (for oxainpio, gold, iron, oopper) must be homofenoutts, olharwlsa 
they are briltlo and unlit for many purposes Ilomoifoneon# mottw exhibits aindltr 
properties in all its ports. By breaking up a bomofwwua snbstoaM M ohloiri twrte 
whioh, although ditlereut in form, rMomblfl jioeh otiai to thohr 0!in^ pBr® 

Bogor, marble, dso., ore examples of homogeneona suhltaam Itompli* ©} noB-homfr 
geneous substonoes are, however, muoh more freqomt In nature and the art*. Thu* 
the majotlty of the rooks are not homogeneous. In porphyries bright pi««#» »,f a wtoorij 
ealled ‘orthoolase' are often seen interspersed amonpt the dark mao* of the imek M 
ordinary red granite it is easy to distinguish large pieo«« of orthtwlow wis»d with 4 mIi 
oemi-transparant quartfl and flexible lomiow of mleo. Similarly, plants and ^ 

non-hdmogeneoua Thus, leaves arc composed of a skin, fllsro, pilp, #ap, and a mw 
colouring matter. As an example of those non-hom^neoua subrtanoas whteb aw Mfa- 
duoed ortiflololly, gunpowder may be sited, whioh is prepared ^ wixlng ttwthor 
proportions of sulphur, nitre, aqd eharoosh Many liquidu, also, aw md ht»wtsf««M m 
may be obsaiwed by the aid of the mlerenoope, when drops of Wood we »««» to o| 

« odlourlass liquid in which red oorpusoleB, tovisibto to Ub m mim to •*-.■- 

email size, ore floating about. IlH* these oorpusoles whioh giw 
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made up, with the tiransformations of these substances into each other, 
and with the phenomena® which accompany such transformations. 
Every ohomiool change or reaction,* os it is callod, can only take place 
under a oondildon of most intimate and close contact of the re-acting 
substances,® and is determined by the forces proper to the smallest 
invisible particles (molecules) of matter, We mnst diatinguiBh three 
chief classes of ohemioal transformations. 

1. Combination is a reaction in which the union of two Bubstanoes 
yields a new one, or in. general terms, from a given number of sub¬ 
stances, a lesser number is obtained. Thus, by heating a mixture of 
iron and sulphur ® a single new substance is ptodnced, iron sulphide, in 

W’U'k A tmnnpiUimt Uquid, m wUoh miorowopito^ of fftt ors toAbing, wUl^ 
ijLg« to the top when milk ia loft At roat, foming oroAm. It is poaaiblo to eximot from 
every noa-homogeaeons aubataaoe thoee bomogeaeoaa sabatAaoM of whldi it is amde 
up. Thaa orthoolAae may be MptMted from porphyry by broAldag it ofl. So dao pld ia 
extTAokd from Auriieroaa by WAshiag AWAy the mixtare of dAy oad Mad. 
Ohemiatry dwle only with-the bomogeaeoaa sabatAaoea met with in nature, or ^rtreoted 
from nAtamJ or Arti&olAl aon-homogeaeoaa anbatAnoea. 'The vorioaa mixtareB found 
In oAturo form tlie aabjeota of other uAtorAl aoionoee—ea geognoay, botany, soology, 
Anatomy, &a. 

B AU thoao evente wldoh Are Aooompliahed by aubaiAaoea tn ume are termed 'phene* 
laaaA.' TheaomeaA in themadvea form the fandamental aubjwt of the study of idiysloa. 
Motion ia the primAty And moat geaerAUy nnderatood form ^ phenomenon, imd 
tore wo endMvour to reoaon About other pbeaomu a m dearly ao when dealing with motion* 
For thia reA»oa meohonioa, whioh treata of motion, forma the ftmdomentAl aoienoe of 
OAtaral phUoaophy, And oil other adenoea endoAvoar to red no# the phenoofina with 
wWoh they axe ©onoemed to meehoaioAl prlnelplea. Astronomy wM Who flwt to tAlce 
to tMa pAth of imaontng, And auooeeded in many oA»ea in reduoiaf A«trraomioAl to 
purely meohaaloAl phenomena. Ohemialry and phyidw, phyriology and Wology ore pro¬ 
ceeding ht the BAme dhreotion. Om of the moat ImportAnt qnoaUona of oil naturil eoieno#, 
and one whioh haa boon Itaaded down firom the phUooopher# of oUwirio thaM, ia, wh#lh«» 
th© oompreheaaioa of aU that la vloibk eoa be tednoed to motion t Xte parUftipaMoo in 
oU, from the 'fixed' »kra to the most minuto ports of the wld«st bodiM (Dawor, in 1W4 
BhowedlhAt miMBy wbitoOMOoeMlomore.A^gly tlM»« attho 
IsMftpaWktW} U. ttiAl ftoere k a »o*laa M tt«tt wMA poduowi Mi^t) mart now b* 
reoc^sed os undoubtabk from dlxeot Mqp««lmnt and dMervotioc^ but it dow not f^Oow 
fj«a thifl that by motion alone eon aM bo oxplAtoed. This fohowa, howovw, feom ^ 
foot that we ooniuit Apprdttmd motion otlierwtM thiua by rMognioing matter In A ttalo 
of motion. If light and oleotrioity b« understood as pwtloalar forms of motion, Uaiea w« 
moat inevitAbly rMogniw the aidstoaoo of a pMoUar lumlaUorous (ualrerMl) eUMr u a 
malorlJd, trAnMalbUnf tlda form of moMwa. And so, under ^ pwaoat aloki of know* 
(odgo, It l« InevltAhly ntmossory to rwognke Uw portlealAr OAtegerioa, motion and matter, 
4ad AS ehemistry ia more elmeiy eo»o«med witti the vorlon# forma of the latter, it shonW, 
togathor witih mMlunlM or the study of motion, Ue at the basis of natural 

* The vorb ' to reoot' moona to oot (U- ohung© ohemieolly. 

s If* A phimomoama proeoeds at vii^blo or meosuraltlo dlatonw* (ao, f«r tootow, 
matnoUo atkAolion or frArity)i it oonnot bo dMoribod m ohemioal, idnoe thwe idmomena 
<mly take plane at dbtMCM imnuosurahly small and undListingukhable to Um «y« mr Ihh 
mtoroaoope; that ia k> say, they are purely molseulor. 

» For this pnrpMo a pkM iron may ho mode red tn a forgo, and thw 
booalMiit with A lump «( oulphar. when Irao solphidawill be dMohifd m a mottaa 
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which the oonstituont aubatanoen cannot be dittingulahod oven by 
4 ihe highest magnifying power. Before the reaction, the Iron could be 
separated from the mixture by a magnet, and the rolphur by disfolving 
it in certain oily liquids; ’’ in general, before combination they might 
be mechanically separated from each other, but after ccjmbinaWltm Imth 
substances penetrate into each other, and ar© then neithor ratwhamoftlly 
separable nor individually distiagukhablo. As a rult», imetions of 
direct combination are accompanied by an ©volution of h«»t, attd the 
common case of combustion, evolving heat, ooniiiti in the eorabination 
of combustible substances with a portion (oxygen) of the atmosphere, 
the gases and vapours contained in the smoke being the produc^i of 
combination. 

2 . Eeaotions of deoomponiion are case® the rtverse of tho*Ri dl 
combination, that is, in which oneaubstMio© givi« twcn—or, in goaoral, a 
given number of substances a greater number, .Thus, by heaUng wood 
(and also coal and many animal or reptablo substanoM) without aee^ 
to air, a combustible gas, a watery liquid, tarjWjad earbou are ot»tidn«L 
It is in this way that tar, illuminaUng gas, and ebamal are pripardi 
on a large soale.^ All limestonee, for mcample, fiafttoriM, dbalk, or 
marble, are deoomposed’by heating to redLam into Hmo and a peculiar 
gas called carbonic anhydride. A aimikr deoompoiltlot^ toklng plae^ 
however, at a much lower tempwature, proems witib the gmim ©opiw 
carbonate which is contained in natuml midaehito. This txample wiB 
be studied more in detail pr^ntly. Whilst h^^t k evolved In tt?© 
ordinary reactions of oombmation, it is, on the eontriwry, «bi»rb«i In 
the reactions of decomposition. 

3. The third class of ohemioal rwkcdoa#—wh»f the norobar of 
re-aotingsubstanoes is equal to the number of tubstaa^ formed—tnay 


liquid, the oombbetion being Moompoafed by s riribk iHereeae to ti^ glow o( the tew. 
Or else iron filings ere mbced with powdered snlphnr In Ow ptviwiltw erf $ pwnte *rf Iroo 
to 8 parts of sulphw, and the mbttnre plaoed to a gUM tube, wbtoh b lin» bwitrf la «»s 
place. Oombtaation does not ootomenoS wttbout Ut« aM of Iwife whws tmm 

started in way p<M^to» ot iw-»&*«»• mm hmiyfm 

the portioa first bested.evolves euttWeat best to tim to mm 

-adjacent past# o« tbe a^xture to the lempemtnre reqnW for stertog tb« m 

rise totempexatase tons produced is so high as to s^ton the gbw lobe. 

f Sulphur is slightly soluble to many thin otts { it to v«y soluhte to 
and to some other liquids. Iron is tosotobto to eatb« btoul^yide, i»d tbe w H ^ 'bit 
fore can be dissolved away from the toon. 

« Decomposition of this kind to termed ‘dry dlstOktlao,'bewwtMu a® to 
the snbstooo is heated and Vapours are giv« od whWh, m eoirfi^, wd** tola 
vf'^s 1 t decomposition, to absorbtof hMit, pwMwnto mniilii to mumka to a 
physioU change of state-suoh as, for mumapto, toai of a toto a p*. 

^®ed complete decomposition to boOtog, and oompaMd wh« a 
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be considered as a simultaneous decomposition and combination. If, 
for instance, twa compounds A and B are taken and they react on each 
other to form the substances 0 and D, then supposing that A is 
decomposed into t) and E, and that E combines -with B to form 0, we 
have a reaction in which two substances A, or D E, and B were token 
and two others 0, or E B, and I) were produced. Such reactions 
4 >ught to bo placed under the general term of reactions of * reem-ange- 
tmnt,* and the particular case whore two substances give two fresh 
ones, reactions of ‘ srubBtitutiion.*^ Thus, if a piece of iron bo immersed 
in a solution of blue vitriol (copper sulphate), copper is formed—or, 
rather, separated out, and green viliriol (iron sulphate, which only 
differs from the blue vitriol in that the iron has replaced the copper) is 
obtained in solution. In this manner iron may bo coated with copper, 
•80 also copper with silver ; suoh reactions are frequently made use of 
in practice. 

The majority of the chemical changes which occur in nature and 
are made use of technically are very complicated, as they consist of an 
association of many separate and simultaneous combinations, decom¬ 
positions, and roplncomontfl. It is chiefly duo to this natural oornploxity 
of chemical phenomena tliat for so many centuries chemistry did not 
esdst as an exact sdonoo; that is so say, that although many ohomioal 
changes wore known ivnd made use of,’? yet their real nature was 
unknown, nor could they be predicted or directed at wiB. Another 
reason for the tardy progress of chemical knowledge is the portidpatiaQ 
of gaseous aubstanoea, ©specially air, in many reactions. The true 
comprehension of air as a ponderable substano^v and of gases in general 
as peculiar dasUo and dispersive states of matter, was only arrive at 
in the sixteenth and seventeenth centuries, and it was only after this 
that the transformations of substances oould fom a soienoe. Up 
that Ume, without mdetttandlng the infdsiblc and yet pond«rablo 
gaseous and vaporous states of substanots, it was imposidble to obtain 
any fundamental ohomioal evidence, because gases escaped from notioc 

® A rtmotlon of reftirftngftmftiit may Ih cerUla ©mo» take pluoo wlUi tmo wlwfcftaeo 
only t S** to my, a BabBtenoo may by it»lf oUwig© into n. now iBonwla form. Thus, 
for oxMBpIe, if bMrd y«Ucw BUlphor 1^ to a twpmture at MO” and th«n poturod 

Jato cold wakar it gift*, <m eo^lag, a soft, brown variety. OrdkiBry pbotpJMWW, wW^ 
la bnuwpMwit, poi«ono«% wad j^tospborMwit In the dark (in tb« dr), givtts, alter being 
Imted at (in an atomplwr# tnea{wbk of mppofling wmbnBUon, mtih w'sliMa), an 
CpaqM, red, and n@n»polimcm> itmodo vadaty, wbloh not pitMpbMMwai OasM at 
imoimim. poini ont powlbiUty of an intomd rwnraniiftnmt in a lubvtanM, and wr« 
Urn roanlt ol an alliuraMcm in ^apmping ol tboMmo el«n«nt^ iast m Mrtein nambai 
d baUa may I>a gronpad in and tormii ol dUIwrwt abapw. 

Thu tiw wadanta know bow to amvwd fcba jdoo ol frap#« obtaining tito MMxitiwdas 
pdbaot^ {glmom) Ink wIm w vto^^, bow to wtmost moMs tma tba wl^ili are 
iotnd i» lbs crib's ettwl, and bow to glM> tma sartby sdjiSMMSM. 



6 PRINCIPL'ES OP CHEMISTRY 

between the reacting and resultant substanoeB. It is easy from the 
impression conveyed to us by the phenomena we obmrvo to form the 
opinion that matter is created and destroyed ; a whole mass of ttw 
burn, and there only remains a littlo charcoal and aah, whilst from one 
small seed there grows little by littlo a magostio troo. In one cos© 
matter seems to be destroyed, and in the other to bo created. This 
conclusion is arrived%t because the formation or consumption of ga«e% 
being under the circumstances invisible to the oy©i is not observed- 
When wood bums it undergoes a chemical change Into gaseous 
products, which escape oa smoko. A very idmplo sxperimont wiR 
prove this. By collecting tho smoko it ma^ bo observed that it 
contains gases whioli differ entirely from air, being incapable of 
supporting combustion or respiration. Th«m gases may be weighed, 
end it will then bo seen that tlioir weight oxoooda that of the wood 
taken. This increase in weight arises from tho fact, that, in burning, 
the component parts of tho wood corfibino witlj a portion of tho air j In 
liko manner iron increases in weight by rusting. In burning gunpowder 
its auhstanco is not destroyed, but only oonvertod into gas^ and 
smoko. So also in the growth of a tre6 j the seed does not increase In 
mass of itself and from itself, but grows because it absorbs gai^ from 
the atmosphere and sucks water and substances dissolved therein frgm 
the earth through its roots. The sap and solid aubstwices which give 
plants their form are produced from these absorbed gases and Uf^uids 
by complicated chemical processes. Tho gastw and liquids are converted 
into solid substances by the plants themselves. Plants not only do 
not increase in size, hut die, in a gas which dooi not contain tib® 
constituents of air. When moist substances dry they decrease in weight | 
when water evaporates wo know that it docs not disapi>©ftr, but will 
return from tho atmosphere os rain, dew, and snow. Whan water is 
absorbed by tho earth, it does not disappear there for ever, but 
accumulates somewhere underfund, from whenM it afterwards flows 
forth as a spring. Thus matter doai not dlsappwr and is not mmted, 
but only undergoes various physical and chemical tranaformations-- 
that is to say, changes its locality and form. Matter remains on the 
earth in the same quantity as before j in a word it is, so for os wo an© 
concerned, everlasting. was difficult to submit this simple Mid 
primary truth of chemistry to investigation, but when once mwlc eltmr 
it rapidly spread, and now seems os natural and simple as many trutba 
which have been acknowledged for ages, Mariotte and other »vaat© 
of the seventeenth century already stapeotod tho existence cd the law 
of the indestructibility of matter, but they mado no eflbrte to exprww 
it or to apply it to the requirements of science. Tho uxperimonti by 





EfrCRODUOnON 


7 

loea&s oi wHoh this Umple lavr v;ivs arrived at 'orsre made dttrteg the 
latter half of the lost oeatuiy by the fbtmder of modern oh©mist) 7 y 
liAVoisiBB, the French Aoadcanician and taac former. The numwjtis 
e:?p©rim 0 nts of this savant vrer© <x)ndn<st©d with the aid of the balan<^, 
which is the only means of directly and oocorately determining the 
quantity of matter. 

t^avoider found, by weighing all tho substanoes, and ®von the 
apparatus, used ha every oxporimont, and-then weighing tho eubetanoes 
oWined after tho ohomical change, that the sum of the weights of the 
substances formed was always equal to tho sum of the wei^fo of the 

substances taken; or, in oi^er words: Hafrmt xa not ojubatsd ajtx^ 

DOBS NOT DiSAPPiiiAB, OT that, maU 0 r u mmimtmg. • This oNpr^ion 
naturally includes a hypoth^di, but our only aim ho using it is to 
eonaUdy exj^ress the following lengthy period—That in all experimonts, 
and in aU the investigated phenomena of nature, it has never been 
observed that the weight of the substances'formed woe less or greater 

(as far as accuracy of weighing permits **) than the weight of the sub* 

pfonces originally taken, and as weight is proportional to moss “ ta oy 
quantity of matter, it^'ollows that no one has over suocoodod in observ¬ 
ing. a disappoaranoo of matter or ite appoaronoo in fresli quantitiw. 
Tho law of tho indesteuotibUity of matter endows all choinic»l investi¬ 

gations with exactitude as, on Its basis, an equation may be foimed for 
every chemical reaction. If in any roactiem the wdghte of the sub¬ 
stance taken be dedgnated by the letters A, B, 0, ^a, and tibe 
weights of the substances formed by the letters M, N, O, <&o,, then 

A -f B Hh 0 -f. «w M Hh N •f' O 4” rf,, ... «>. 

Therefore, should the weight of on® of the r®«»ctiag or resultant tub^ 
slMides be unknown, it may be determined by eolviag the equattoou 

n Tt* SKpwJjBMit# by ei&a® to Msll to Otop. XSTTO. m 

Bllvey) form wnmt (if Um wjctimio r(»i««irfihew, );«nivinfc tlifti Uw wdghi c4 Is Ml 

ftltored to ohetnioiU WMlmus, Uo ivooumtuly w»» 4 {h«l (Inlrtuluoiim: all 

W«7 oorrMUema) liitj iWKJtliig bjijA rewUlfttil aulrntwon*. LmhIcH (1hs)S 1) rwriiid m. 
mlottB ir««U«»8 to fstverkd #*3 gkw U.tot»#8, « wdfbing the toWa bstora 

WMtkm (wliwj tiwi rawttog »«r» wpMRtod to ««li Om» tsmrolM* <4 tb# 

labAa), Mul ftfter {wtaa the wlatkai# bad l*«iin weW togotlwr by ), forod 

tbsl eJUtwr toe w«l|cbt rematoeid |>«rt»®ny or tosi to«» wtofca wm m w»idl 

(i^ iostottse, 0*i mSi)l«TWtt to m Itrtol of hIimI a reillkm w to b« 

Mirilwd to to toevitetde t4 wdfhUigi. 

n **•* The l'<l#a c>f ton maw ed malto wm firrt tofwd toto «» «wei Iwrw bf Otoleo 
(aWl Mill Hw«ni e»tjmcW.ly by Nwwto flwa IM% »IwhI ItOTI, to to«. glwltwu 
Of to i4 Um nf Iwtoetiw r«»n«to|t timwAtod bf E»«M9 

Dmmtkm to UiniF iauiii*i*|toiPiJ alter to denlh ef Mwwtos, 

whoto tome to MtomJ ttoik»»rhy tonki rmk toltrf CtoWw wd 
ca aoffatt Sfl, 1W. L«.ft»lto-&e®aitir^duitofU» E#tipstof Twcwrrfttto 

«2 
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The chemist!, in applying the law of tlio indestructibility ol matter, 
and in making uso of the chemical balance, must never loao sight of 
any one of the re-acting or resultant substances. Should such an over- 
eight be made, it will at once bo romarkod that the sum of the weights 
of the substances taken is unequal to the sum of the weights of the 
substances formed. All the progress made by chemistry during the 
end of the last, and in the present, century is entirely and immovably 
founded on the law of the indestructibility of matter. It is absolutely 
necessary in beginning the study of chemistry to become faniiliar with 
the simple truth which is expressed by this law, and for this pur|K)M 
several examples elucidating its application will now bo cited. 

1. It is well known that iron rusts in damp air,'** and that when 
heated to redness in air it becomes coated with scoria (oxide), having, 
like rust, the appearance of an earthy substance rosombliog some of the 
iron ores from which metallic iron is extracted. If the iron is weighed 
before and after the formation of the scoria or rust, it will be found 
that tho metal has increased in weight during the operation.'* It 
can easily bo proved that this increase in weight is acoompUshed at 
tho expense of the atmosphere, and mainly, oa Lavoisier proved, at the 
expense of that portion which is called oxygon, In fact, in a vacuum, 
or in gases which do not contain oxygon, for instance, in hydrogen or 
nitrogen, tho iron neither rusts nor becomes coated with scoria. Had 
the iron not boon weighed, tho participation of tho oxygon of tho attno* 
sphere in its transformation into an earthy substance might havo easily 
passed unnoticed, as was formerly tho cose, when phenomena like the 
above were, for this, reason,, misunderstood. It is evident from the 

Prenoh Eovointion, when ho, fcogothor with twonty-ai* othor chlot of (ho Mvanao, 

was guillotined on May 8, 1794, at Paris| but hla works wid lilwaB have miulo film 
immortal. 

w By oovoring iron witli an onanid, or vamioli, or wlUi unrusvablo ro«liU« (such as 
nlokol), or a coating ot paraffin, or othor simllor substaaQOB, it protieted from tb# alt 
and moiaturo, and no kept from ranting 

>* Suoli on oxporhrnent may easily be mode by taking Um ftnent luarasled) ftUtifs 
(ordinary flUngn muat bo first washed in ether, dried, aiid panned through a very fine 
sieve) The filings thus obtained aro capable of burning directly In air (by osidining or 
forming rust), oapeoially when they hang (ora attraaled) on a magnot. A compot't pivc'w 
of iron does not burn In air, but spongy iron glow# and sraouldorn like tinder. In nmknig 
the experiment, a horse-shoe magnet is fixed, with Uio ikiIob downwards, on inia nnn •>( « 
rather sensitive balanoo, and tho Iron fllingn are appliiKi to tlm magnitt (tm » r)h rt of 
paper) 80 as to form ft beard about tlja polos. Tlio biUnmio pan »iltiiul<l Imi nitiWr 

tho filings an tho magnet, in order that any which might fall fmm it mIi.hiKI luU cUtor Ukt 
weight. Tile filings, having bean weighed, aro not light to by applying tha damn id a 
candle; they easily take flro, and go on burning by tlimuftolvon, fortning runt. Whoit Um 
combustion is ended, it wiU bo oloar that tlio iron ban Increanoil in weight; frum jwtn 
by weight of iron fiUnge taken, there aro obtokiod, by ootnpIoUi ootnbunUwj. 7i port# by 
weight of rast. I 
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law of the indestmotibiUty of matter that as the iron increases in 
weight in its conversion into rust, the latter must be a more complex 
substance than the iron itself* and its formation is doe to a reaction of 
combination. We might form an entirely wrong opinion about it, and 
might, for instance, consider rust to be a simpler substance than iron, 
and explain the formation of rust os tho removal of somothlng from 
the Iron. Such, indeed, was tho general opinion prior to Lavoisier, 
when it was ’hold that iron contained a certain unknown substance 
called ‘ phlogiston,’ and that rust was iron deprived of this supposed 
substaiice 

2. Oppper carbonate (in tho form of a powder, or as the well>known 
green mineral called ^moloehite,’ which is used for. making ornaments, 
or as an ore for the extraotion of copper) changes into a black sub* 
stance called ‘oopper oxide' when boated to recess,This black 
substanoe is cUso obtained by heating copper to r^esa in air—that is, 
it is the scoria or oxidation product of copper. The weight of the 
black oxido of copper left is less than that of the copper carbonate 
originally taken, and therefore we consider tho reaction which occurred 
to have been one of decomposition, and that by it something was sepa¬ 
rated from the green copper carbonate, and, in fact, by closing tho orifice 
of the vessel in which the copper carbonate is heated with a well- 
fitthag cork, through which a gas delivery tubo posse® whero end is 
immersed imdor water, it will be obaervod that dn heating, a gas is 
formed which bubbles through the water. This gas can bo eosily 
collected, as wib presently bo described, and it will be found to esson- 

*'* For tho porpowi of exporitooni, it io most ooavsmost to toko copper earbonato, 
whloh majr be propsred by tho «iip@ttocioa.kr hlsoMlf, by oMng a Bolotton of sodiom «ar> 
baoate to a sokthm of oqpper sulphate. lbs pMsipitats (d^^t) so formed Is ooUeoted 
<m a filter, wasbsdi a»d dried. Tbs dsowaposiriou of oarbosato kto wippm oxlds 
it 'sfiMtsd by so modsrato a h^t that it may bs p^ormsd k a gkas Imtsd by a 
kmp. For tke purposo a fhk glass tube, dosed at one sad, aad eaUi^ a ‘ tost tobo,* 
may l>o omployod, or a vobsoI oaUod a ' rtiUirt.’ Tho ajtp^jioat b oawied oa, aa 
dosorilHKl k uaBjmpk thuto ou p.JLl, by oclkoUitg tho oarbonio tuiUydrido over vater, 
as wiU bo afterwards ospUkod. 

»» Oasddivery tabes amasuddy made of gkas tublagol various diiuwotwn and thick* 
soMos. Xf of amaJJi diamoter aad bhkkuewi, a glass tubo is mdly beat by heaUiig k a gas 
jet or tho flame at a spirit kmp, a»d it may ako bo eadly divided at a givoo pokt by making 
a deep Moratdi wiUi a flk and then breaMog tho tube at this pokt wiU) a sharp j«dc. 
Ihoso properriw, k^tther with thdr kspermoablUty, tMspsrwoy, imxdxmm, and r^o- 
iMrity of bore, mider glaw tubM movt ueofnl k wp«^ants with g»«w. Naturally they 
might bo replftood by ebrawa, kdUambbw, meldlk, w othwr tobei, but tb^e M® mew 
dlffioalt to Ak uii k> a vwwl, and are not wtirdy imjMirvitms to j^SM. A gkMi gas 
ddivmy tuba may bo ImrmetiaalJy fixed kto a veewl by fitting it kto a ]^rteatod 
ithkh duioid bo suft and txm from flaws, and fixing the rmk kto thu orifiMi dt the' 
f«Md. To protwt the eork from tho aotioa of gam it k tBmMmm prvriMdy smM 
k pamffin, or it may bo replaced; by an jkdbMcuk>w oocit. 
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tisilly differ frotn air in niany respeotfl j for irxst&noo, a burning taper 
is extinguished in it as if it had boon plunged into water* If woigUing 
had not proved to us that somo substance had b<son sopamted, the 
formation of the gas might easily have osoapod our notice, for it i« 



rut. 1.—apporfttnu for tbo dooomposIUon of red mmaxy oxU#. 


colourless and transparent like air, and is therefore evolved without 
any striking feature. The carbonic onhydrido evolved may bo weighed, •* 
and it will be seen thot the sum of the weights of tbo black «rop|wr 
oxide and carbonic anhydride is equal to the weight of the copper 
carbonate originolly taken, and thus by carefully following out 

Goaos, lilfo all other Bubstanoos, may bo weighed, but, owing to their oxtr«n» light- 
'no8B and the difQculty of dealing witli tliom injorgo maHstiw, they (’iiu (Uily be weighml 
by very sensitive balanoos; that is, in Huoh aa, witli a (’ouMiilonibl.i bmd, iiuliftit.i a vury 
«mall diHoronoo in weight—for example, a ovmtlgriun nr a nnlligrem with a brnd <d I.ihh) 
grama In order to weigh o gas, a glass globe fornishetl witli a tigJit-iitlinti: sC-p l« 
first of all exhausted ©f oJr by an olr-pump (a Spreogol pump is the b««C. tliu ship- 
cook is then closed, and the exhausted globe weIgW. If the ps I© bfi waited l» ttwwj 
let into pio .globe, Ite Weight can bo detemlned from the iaormoe In tha weight isf Uw 
globo,^ It is neoesaary, however, that thwtemperatuxa and pressure at tbo air aU-ul ilw 
balMioo ahottld remain aanotont for both weighings, ns the wuiglit of llm gtulm m sir wj}} 
(aooording to the laws of hydrostatias) very witli its dousity The voiuiurt *.( tha mr diw 
placed, and its weight, mast therefore bo dolorminml by tib»enliig Uui toiin,wmtura, 
density, ond moisture of tha atmosphere during the time of This will 

bo partly explained lator, but may be studied moro In detail by pliywirs, Owing to ih« 
complexity of oU these aporations, the mass of n go# is usually datormmstl ff«.m il* 
volume ond density, or from tho weight of a known vnUimo. 

Tho copper carbonate shanld bo dried before washing, m olh«w}#a~fo^W 
copper oxide and oarbonio anhydride—water will lie obtainii in the 
Water forms a part of tho composition of malachite, and has Uwrpfpr# to Iw Mm j«lo 
conMdemtion. The water produced in the decomposition may ba all enJleeWi by 
fag it fa Bulpharto acid or calcium ohloride, a» will be d@wrib#d farlW on. l» wtter to 
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various etagos of all ohotDical reaotlonB we arrive at a oonflrmatlon of 
tho law of tho indoatraotibility of matter. 

3. Bed raorouiy oxide (which is formed as mercury rust by heating 
mercury in air) is decomposed' like copper carbonate (only by heating 
more slowly and at a somewhat higher temperature), with the formation 
of tho peculiar gas, oxygon. For this purpose tho mercury oxido is 
placed in a glass tubo or retort,*® to which a gas doUveiy tube is 
attached by means of a cork. This tubo is bent downwards, as shown 
in tlio drawing (Fig. 1). Tho open end of tho gas delivery tubo is im¬ 
mersed in a vessel flllod with water, oaUed a pnenmatio trough. When 

dry a salt it cqufit be heatod at about 100^ until tta weight raxtaine oonttant, or be plaood 
under on air pomp over etUphudo add, oe will oloo bo pwaantiy dosarlbad. As w&tor (a 
mot with oimost ovary wbcrc, and os It ia aboorbod by many aubBtonooe, tho poMiblUty 
ot its proaonoo ahould nevor be loot otgbt of. 

‘9 Ab the deeompoaitioa of rod exida of moreury roqnlrofl so high a tempwatara, near 
ledncaa ao to eoften ordinary glota ii0to nooeiMory for thia arp^rimaut to take a rotott 
(or tent tube) mode of bard gl&aa wbkh la able to atand high taEnperaturoa without 
softening. For tho same roaoon, the lamp used moot give a itrong boat and a lacgp 
flomo, oapablo of ombraohig tlie whole bottom of the retort, wblob Bbould be oa emaU m 
po^lble for the oonvenienoe of the experiment. 

The pnoumatio trough may naturally be mode of any materloi (ehlna,aaj:tha&waie, 
or metal, &e.), but uBuoUy a gloBs one, oa shown In the drawing, la use^ m It allows tha 
progrcBS of the axporlmant to bo belter obsorved. For this roaaaa, os well as tha eoao 
wttb whh^ they axe kept eloan,andfmn the last aloo that glass (snot ootsd on by mas^ 



tho, ®.*-AptiarfttM tar fllrtinint uMw a fthntnWwa twMte Uquiaj» wWah «® tJjatr 

boltlaa points note tlwi cMfdlttsjy prewm, tlMappjw^to WWeh Cte UguM 
weMwl^slaiwgh^frm wlu^ihsslrtepunpcdMati tlte Ugud U h<M«A aod ^ mm 

aubotoaoM whWh attoel otiwr mateM® (fw tnsim'ioii, mewl#), glaaa v^tel# d all ItWto— 
@adh aa rotarH test lubw, cyBndw*, baskniu, lloska, gtebaii, &e.—«e ]^#fanr«d to Mty 
otlwtr for ebemlcftl ©xjKarlwoate. flln^ may 1«« wiCbeal SkUy dongw if liM 

loUftwIng promutltms Iw olwervwl: Ist, they should be made of tto ftai, M otb«rwi@s 
they ortt lisltlo to ftraek frucft tiw bad lwl»«3«dtteii«g pwww of floM {Ind, Ih^ A«Mb# 
furrounded by a liquid or with muhI (Fif. ft), mad ^Ih M U is mIM} ot 
i^md (a a enmat^ be>t gMM wftibmt toudUnf tha fast bran 
Uia f a«a of a omoWsM kmp. AeonaMaall^l^h»orlal^lonMail^pe^^ml«l«l» 
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the gas begins to be evolved in the retort it is obliged, having no other 
outlet, to escape through the gas delivery tube Into tho water in th# 
pneumatic trough, and therefore its evolution will bo rtnulorod vbibl© 
by the bubbles coining from this tube. In boating tho n»tort containing 
the mercury oxide, tho air containod in the apparatus is liwt imrtly 
expelled, owing to its expansion by heat, and then Urn peculiar gw 
called ‘ oxygen ’ is evolved, and may be easily colleotod aii it coinoi oil. 
For this purpose a vessel (an ordinary cylinder, aa in tho drawing) w 
filled quite full with water and its mouth clowl ; it is then invert^xl 
and placed in this position under tho water in tho trough ^ tho mouth 
is then opened. Tho cylinder will remain full of water—that i«, th® 
water will remain at a higher level in it than in the surrounding voiwil, 
owing to the atmospheric pressuro. The atmoipluini prt»«i on Urn 
surface of tho water in the trough, and prevent! tho water from How- 
ing out of tho cylinder. Tho mouth of the cylinder » plaewl over tho 
end of tho gas delivery tube,*® and tho bubbles issuing from it will ri»i 
into the cylinder and displace the water eontainid in it. Qaatai are 
generally collected in this manner When a auffldtnt quantity o! gw 
has acoumulated In the cylinder it can be dearly shown that it i* not 
air, but another gas which Is distinguished by its oapadty for vi|[ormiily 
supporting combustion In order to show this, the cylinder ii elMwi, 
under water, and removed from the bath , its mouth is thin tuin^i up* 
wards, and a smouldering taper plunged Into it. Ail* wdl known, a 
smouldering taper will be extinguished in air, but in th® gas which 
is given off from red mercury oxide it bums dearly and vigorously, 
showing the property possessed by this gas for supporting oombustfoft 
more energetically than air, and thus enabling it to bo disthaguishid 
from the latter. It may bo observed in this oxperiraont that, 
the formation of oxygon, metallic mcrcuiry i« formtKl, wliiuh, volatiliaing 
at tho high temperature required for tJio reaction, oond«ny«« t>n tho 
cooler parts of the retort os a mirror or in globules. Thus two «ub* 

qo 14 objeot in Mi; flamsa The «cot IntertwM with tbs temmiMiM hMl, m4 
so a glass Vesssl whon ooversd wilh soot oiton onuM And for mtmt huHiM 
which burn with a smokoloss flams, or gas bamsr« ol a peculiar ecrttirficntm, m 
la the Bunsen burner the gas is mixed wiUi air, and bums with a nm ltnnimtiM andl 
emokcloBs flame. On tho other hand, ii an ordinary lamp (petroleum tir b«ulMi| dkM 
not smoke it may be used tor heating a glass vessel '^tbout dangar, pmrldwl ths flMi l» 
placed well above the flame in the eorrent ot hot gases. In edJ easM, Uw Imttnf akwhl 
be begun very earofnlly by raising the temperature by degreea. 

In order to avoid the neoeasity of holding the eyUadur, it# opa wftd l« (andl 

also ground so that It may bo closely covered ^Ih a greuad*ilw« plate wh« 
and placed on a stand below tho level of the water in the bM. stad ia wlM ‘ tte 
brid^.’ It has several oironlar openings eut tbmngh It, and the pa Mvwf tuba l» 
placed under one of these, and the eylin^ i<» eoUe^dng the gae mm it. 
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Btances, mercury and oxygen, are obtained by beating red mercury 
oxide. In this reaction, from one substance, two new substances are 
produced—that is, a decomposition Has taken place. The means of 
collecting and investigating gases were known before Lavoisier's time, 
but he first showed the real part they played in the processes of many 
chemical changes which before his era were either wrongly understood 
(as will be afterwards explained) or were not explained at all, but only 
observed in their superficial aspects. This experiment on red mercury 
oxide has a special significance in the history of chemistry contempo¬ 
rary with Lavoisier, because the oxygen gas which is here evolved is 
contained in the atmosphere, and plays a most important part in 
nature, especially in the respiration of animals, in combustion in air, 
and in the formation of rusts or soorim (earths, as they were then 
called) from metals—that is, of earthy substances, like tlxe ores from 
which metals are extracted. 

4. In order to illustrate by experiment one more example of 
chemical change and the application of the law of the indestructibility 
of matter, we will consider the reaction between common table salt 
and lunar caustio, which is well known from its use in cauterising 
wounds By taking a clear solution of each and mixing them together, 
It will at once be observed that a solid white substance is formed, 
which settles to the bottom of the vessel, and is insoluble in water. 
This substance may be separated from the solution by filtering, it is 
then found to be an entirely diflTerent substance from either of those 
taken originally in the solutions. This at once evident from the 
fact that it does not dissolve Id water On evaporatmg the liquid 
which passed through the filter, it will be found to contain a new sub¬ 
stance unlike either table salt or lunar caustic, but, like them, soluble 
in water Thus table salt and lunar caustic, two substances soluble in 
water, produced, by their mutual chemical action, two new substances, 
one insoluble in water, and the other remaining in solution. Here, 
from two substances, two others are obtained, consequently there 
occurred a reaction of substitution. The water served only to convert 
the re-aoting substances into a liquid and mobile state. If the lunar 
caustic and salt be dVied** and weighed,'and if about 68^ grams** of 

*> Drying la necessaxy tn order to remove any water which may be held In the eolta 
(eee Note 17, and Ohapter L, Notes 18 and 14). 

The exact weights of the re-ooting and reanltlng enbetanoes are determined with the 
greatest dMoolty, not only from the possible inexactitude of the balanoe (every weighing 
Is only correct within the limits of the sensitivenosB of the balanoe) and weights used 
in: weighing, not only from the difflonlty in malcing corrections for the weight of air dls- 
placed by the vessels holding the eubstanoea wei£^d and by the weights ihemaelvea 
but also from the hygtoaoopio nature of many enbstanoea (and vessels) causing absorption 
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«alt and 170 grams of lunar caustic bo taken, then H8| gtama oi In¬ 
soluble silver chloride and 86 grams of sodium nitrate wUl be oblate^. 
The sum of the weights of tho ro-ooting and r^ultaat aubttanoM ar® 
seen to be similar and equal to 228| grains, which neo^Hly foiowi 
from the law of the indestructibility of matter 

Accepting the truth of the above law, tlie quertioa naturally Arkm 
as to whether there is any limit to the varioui ohomioal tmnaforma 
tions, or are they uurostrictod in number—that ii to w.y, is It j^wible 
from a given substance to obtain an equivalent quanUty of any other 
substance 1 In other words, does thoro esdst a perpetual and Infinite 
ohango of one kind of material into every other kind, or i* tho cycle 
of these transformations limited 1 Tlds is the second monad pmUom 
of Chemistry, a question of quality of matter, and one, it Is ovklent, 
which is more complicated than tho qu©»aon of quantity It ewinoft 
be solved by a mere suporticial glance at the 8ubj«it Indotd, <m 
seeing how all tho varied forms and odlours of plants art boijt up from 
air and tho elomonte of the soil, and how motaWo Ircm »n b« trona- 
formed into colours such os inks ond FrusOon blui, wi might b« lid 
to think that there is no end to the qualitative oh»ng« to whieh 
matter is susceptible But, on the other hand, tho ijspwienew of 
everyday life compel us to acknowledge that food cannot \m iomI# out 
of a stone, or gold out of copper Thus a definite enswar eon mily be 
looked lor in a close and dUigent study of the snhtfect, and the pmUm 
has been resolved in different way at dlSbrent timw In enelcat Uom 
the opinion most generally held was that everything vMW© wi« own- 
posed of four elements—Air, Water, Barth, and Fire The «< 

this doctrine can be traced far back into tho oonikiM of Aolo, wh«a«» 
it was handed doum to tho Crooks, and merttt fully ox|K)ondfxl by 
Empedocles, who lived before 460 ao This doctrine wjwi iu»t tho 
result of exact research, but apparently cjwt« its origin to the oleor 
division of bodies into gosoi (like olr), liquids (like water), and Mdkia 
(like the earth), The Arabs appear to have bf®n th« flrtt who 
attempted to solve the question by txperimintal methixK and thty 
introduced, through Spain, the teato for tho study of similar prtdjloms 
into Europe, where from that time thfitti appw many wit*pt« in 
chemistry, which was considered os an unholy art, ami mU«l ‘al 
chemy.' As tho alchemists wore iporunt of any mmA law whirh 

of. moUturo from tho atmospbw®, aid from the in »el onf *4 y» «»»•!*»»» 

to be wolghea in the eoveml operation# (iSitwriBir, owl *• I 

have to be performed before arriving at a final rvs^i, M thwa dnemteM Imm i.» 
bo taken into ooneideraiion in exoot reMMohMyand Uwlr ’my mmv 

epeoiol precautione which are itn|w»«iM»to in pnahnkM*^ 
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could guide them in their researches, they obtained most anomalous 
results. Their chief service to chemistry was that th(^ made a 
number of experiments, and discovered many new chemical tranS' 
formations, but it is tvell known how they solved the fundamental 
problem of chemistry. Their view may be taken as a positive acknow¬ 
ledgment of the infinite transmutability of matter, for they aimed at 
disoovering the Philosopher’s Stone, capable of converting everything 
into gold and diamonds, and of making the old young again. This 
solution of tlio question was afterwards completely overthrown, but it 
must not, for this reason, bo thought that the hopes hold by the 
olohomiets were only the fruit of their imaginations. The first 
dbemioal experiments might well lead them to their conclusions. They 
took, for instance, the bright metallic mineral galena, and extracted 
metallio load from it. Thus they saw that from a metallic substance 
which is unfitted for use they could obtain another metallic substance 
which is ductile and valuable for many technical purposes. Purther- 
moro, they took this lead and obtained silver, a still more valuaWe 
metal, from it. Thus they might easily conclude that it was possible 
to ennoble metals by moans of a whole series of transmutationa—that 
is to say, to obtain from them those which are more and more precious. 
Having gob silver from Ic^, they assumed that it would he possiblo to 
obtain gold from silver The mistake they made was that they never 
weighed or measured the substances used or produced in their ©xperi- 
toents. Had they done so, they would have learnt that the weight of 
the lead was muoh less than that- of the galena from which it was 

obtained, and the weight of the silver infinit^mal compared with that 

of the lead. Had they looked more closely into the process of the ex¬ 
traction of the silver from lead (and silver at the present time is chiefly 
obtained from the lead or^) they would have seen that the lead does 
not ohange- into silver, but that it only contains a certain small quan¬ 
tity of it, and this amount having once been separated from the load 
it ctvntiot by luvy further opomtion give mon.\ The silver which the 
alchomists extracted from the load was in the Uwl, and wm not ob¬ 
tained by a chemical ohange of the lead itself. This is now well known 
from experiment, but the first view of the nature of the prooMw was 
very likely to be on erroneous ono.*^ The methods of resmreb adopted 

” 0b«I 4« wh^eb, in Ihe ainjorlty at ©mw, thn flwt erf laimt subjueto 

nerf thwasdvM In nvwyday m&m; variooa ftsjwot#, bul nlway® in oos 

(arm, ur only at InktrvaJi* «ul infrsqonnUy, la wrong. Thoa the <Ja{|y ®vidwie» 

«f Uto riaiug of the amt and atnra ovokM the etTonnous irfoa that the h(i«vm» move aod 
Urn MTih etmrfa atil). Thia troth i« fm- from bainf the rMf troth, moA, M a 

matter of faet, la tseotradlotwy to It. SlmllarJy, an ordinwi^ mi»a and everyday 
mm Mndste tlmt iron is towmhaitiUe, whMM it boroii tuA. wty m ftU)^ hut 
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l)y the ftldbewfata could give but UttJe suocesS} Iw they dM 00% tbijo* 

eelves clear <md simple queetiona whcso ftoswean wouM old tb«m to msk® 
further progreas. Thus though they did not orriv® at any o»ot kw, 
they left nevertheless numerous and useful ejqwhaaenkd dfttft as on 
inheritance to chemistry j they investigated, in poitdookr, the trims* 
formations proper to metals, and for this rwiOtt ohttals^y was lew 
long afterwards entirely confined to the study d metyUo suhtton^u 
In their reaearohes, the alchemist® frequently made use d two 
chemical processes wMoh are now termed * rduoM<» * and ‘ 

The rusting of metals, and In genewd their frera ft moteUk 

into an earthy form, Is called ‘oxidation,' whUat the ©xtraotlon d ft 
metal from an earthy substance is caUod ‘r^uetiott.* Many metek— 
for instance, iron, le^ and tin—aw osWytoed by hating In air alooi, 
and may be again reduced by heattog with carbcai. Booh osddJi^ 
metals are found in the earth, and form the mSsjorily of motellio «m 
The metals, such os tin, iron, and copper, may bo finmi 

ores by boating them together with oarbom M th» proo^« w«w 
wen studied by the alchemist*. It was afterwards thown that iAl 
earths and minends aw formed of dboedkr metaUio mate m oeUi^ m 
dt their oombinations. Thus the alohemlik knew d two fraou of 
chemical changes: the oxidation of metedi and the reduuyon of Ute 
oxides so formed into metals. The ex|danaBon of the natere d thM# 
two olasB^ of ohemioal phenomena was the mmo* lor dlMOv«y 
of the most important chemical laws. The first hypothteb m tbdbr 
oatuw is due to Becker, and mow pmrticukrly to Btahl, a mn^pMk 
to the King of Prussia. Stahl writes in his ‘Fmadamente 
1723, that all substanow consist of an knpondcaable fi(Eiry suMsMe 
called ‘ phlogiston' (materia aut priLneipium igeis non ipso ignis), and of 
another element having particular proporti(a for emoh ®al«tAne«. Tlio 
greater the capacity of a body for oxidation, or the moro (H»mbuatlbte 
it is, the richer it k in phlcgistcm. OiwbOTk mutahu it in gtml 
dnmdanoe. In mddation or coshbnitlon is mittod, ai^ In 

reduction it k cemsumed or enteos into wmbhuariaa. Ckrhuct rtwIucM 
earthy eubstanoea because it k rkh in j^do^teo, and gtvas up «, 

aawlre,c«weEiban(d!lemei€^ Wl«b«i(0i)iop^crk8<mte^f«7wi<VptoW» 
prejadioeB have been obUgod to five way to true Idwts wbMi tev® hmm wviJM by 
eipedmoDt. In oidliuwy life we often mmm ai fii«l wM pm§m m^f 
beoaose we ave taught a right judgmeat by ouv daOy It lb a 

QonMqueaoe of tbe noStno of otur nriadt to anteanoM 4»> 

tnentavy end often enoneone xeaaoning end aed tl wiwM t« my 

wi«ngto€)Xpe(4aknowledgeof trathtamaBbo^ 

HeeUoennotgiveiontthbQtit gives tbe tmm of 
wlStat coedmiog tboM wlUoh are tme m ah kte owMqaoo 
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portion of its phlogiston to the substance reduced. Thus Stahl supposed 
metals to bo compound substanoes consisting of phlogiston and an 
earthy substance or oxide, Tliis hypothosis is distinguished for its 
very groat simplicity, and for this and other reasons it acquired many 
supporters.®^ 

Lavoisier proved by moans of the balanoo that every cose of rusting 
of metals or oxidation, or of combustion, is acoompaniod by an increase 
in weight at the expense of the atmosphere. He formed, therefore, 
the natural opinion that the heavier substance is more complex than 
the lighter one.®® Lavoisier’s celebrated ©xporitnent, made in 1774, 

^ Xk is true that Stahl won a«^uaintodl*wlth a foot wtUoh dlr@QU$' dJtprovsd his 
h 7 poUi@dB. It WI 18 olroody known (horn iho experiments of Gebenv more eapeoiohy 
of in 1090) that metals ineimse In weight by oxidation, whilst, aooording to Stahl’s 
hypothMis, tliey nlioold deorooee in weight, beoause phlogiston in separated by oxidation 
Stahl speaks on this point os follows1 am well aware that metals, in their transformo* 
tlon into earths, inorease In Weight. But not only does this foot not disprove my theory, 
but, on Um oontrory, eonflrms it, for pUogUrton is lighter than air, and, in oombinhog 
with substanoes, Btrives to lilt them, and so deerooMs their weight} oonsequently, a 
eubotaitoe whioh has hist {ihlogiiten must be heavibr.' Tills lu^ment, it will be seen, Is 
foiindod on a mlsoonooption of tlm proportloB of gases, regarding them M having no weight* 
and os not being alLiuotod by Uie eortli, or else on a oenfoBod id®i of phlogiston Itsoll, 
slnee it was first defined oh impouderabl^ Tlie oonoepilon of imimnderahle pldogiston 
tollies well with Uie liobit and meUiods of the lest oentury, when reeourw was often hod 
to imsxmdoralile fluids for explaining ft large number o( phenomenB.. Heat, light, meg. 
neUsm, and deetrioity were explained os being peeuliar imponderable flCUds. Xn this 
sense dootrino of Btohl oorresponds entirely with the spirit of his ago. Xf heat he 
now regarded os motion or energy, then phlogiston also «hould he oonatdered in this 

li gh t. La foot, in oorabusMon, of eoals for iastonee, heat and energy ore evolved, and 

not oomblned in the oool, aJUhfiogh the oxygen ond eool do eomblne. Cons«ioenUy,.ihe 
doetrlae of Stelil eontolna the «»eno« of a true represeotolion of the evolution of energy, 
hot natumhy Uils evolution is only a ooniei^Mnee of the oombinallofi OMurring betwe«a 
the ebal and oxygon. As r^ords the history of chemistry prior to LavoiAier, liesldee 
Stahl> wwk {to whieli rofftrenee ha# b««a raode above), WesUey's a«4 

Ofcsmrftitoai m Diffprmi Xim4$ qf dir, London, and also Sob^e's QpMOkla 
OMmUa «i Pf^skch X7M-W, I vda, mnet be weemmanded as the two l^lag 
works of the EngUA and Seftadlnavian ehemlBte ebowiag the eondltioo of dbcimiMl 
learning before the propagation of L<avelsler‘» views, and eontoining also many unporUat 
observation# whlrh ho at Uio basis of tho ohemlntry of our limes. A most interwUng 
meiruilr on Uio history of phlogisttm la tlmt of lUslwoll, In the l‘hilimi>}ihient MngOtine, 
IWe, In wliieh it ii iiown Hint the Idea of phhigiBUin dates very far Imok, tlul IIobU 
Val»nUntt’{l9Ut”“141l), in the Ourrm THumphaiit Andmanii, I’avwulsus (UUB-K«ll), 
in his wtirk, He Tinrum Nniura, Qlaub«r (IWM-lflflH), and »®p«ially John Jt««liim HecUer 
(leas-ldfW), in his P%«tea Subiftrarmh oil r*(en^ to phlogiaton, but under different 
Bonm 

An Engilshnmn, named Msy&w, who Uvi^ a whole century before Lave{al«r (to 
i(M), oerlaln pbemwrwna erf osidaUon In their true oipeel, but wa# noi able 

lo develop Ul« views with olwroew, or sup}»ort them by eonolnsive wperimenls f he 
moot therefore be wmaldareil, like IjavoWer, M the finmdw of cnntemporrnry chomloal 
iMming. Scimee Is a unlvoim] hwitoge, and thwwfwe it is mlf Just to give toe hlghMl 
bimur in Mtienw, not lo thoM wlto fir»l enunetole a Mrtoiti troth, bnt to Ume w^ ore 
ftf*t ftbk to eo»vl»M ©tbiwe oJ It# onthenlkity and wtohWi it ter to« pneml wrtftaw. 
But totefflUlto dlfwvwttee iwe mode 0^ oa* the ftiwt do od 









13 PRINCmES OF CHEfflSTRy 


gave inaubitable support to hi$ opinloa, whl* b mwsy wm 

contradictory to StaW'a docrtrln®. Lavoisier pmt^ fov oaaow of pwn 
mercury into a glass retort (%. 3), whoso nook wm bent as shows ia 
the drawing and dipped into the vmsoI b % ^ full of moroury. Uto 
projecting end of the neck was covered with a gk»s beU-j«r w. Ltw 
weight of ail the mercury i»ken, and the veiumt ^ ahr rcmafailng tn 
the apparatus, namely, that in tiie upper pmiton d the retort, and 
under the bell-jar, wore determined before beginainf the expwrimeftt. 
It was most important in this ejcpcrimeat to know Ito volmw ab* 
in order to learn what part it pla^ In the <aidatlon rf tl« wmry, 
■Iwoauso, according to Stahl, j^logistoo is omitted into the air, whilst, 
according to Lavoisier, the mercury In oxidMag a portl« rf 

the air; and consequently it was absolutely n®e^a*y to dkitormti» 
whether the amount of air Increas^.or dw«dl la the ^ 

the metal. It was, therefore, most Important to a»iu» lh§ vdinsffll 



of the air in the apparatus both before and eitw the eatj^rtoml. Pet 
this purpose it was necessary to know the total oapadty of the 
the volume of the mercury poured into it, tlio volumo of thn Ik^II jar 
above tho level of the morcury, and ako Uie tompemturo and lUftaort 
of the air at the tUna of Ito mw^suiwmwit. The vdlua# of air «»• 
talned to tho apparatus and isokted from toe iwroandtog alm^pbort 
could be determined ferom tb^ data. Having armnfixi hk 
to tois' manner, l<avoisier heated the retort hold tog too morcufy few a 
period of twelve days at a temperature n»r toe bdllng ptdtsl 
merotuey. The mercury became oovered with a quanUly of" iniail rwd 


suoo^ toooiwlno^ otbm of Ito troth they bsts •hh tta*, 

tgmpmU, <mm lomrt, pommekag mta ou. inw.th i,, m 

tot li nwwt not to foigottea tibat «o^ eos wMgr to «te kb«»* 

oiafttaaooonialfttto bymiwy tob«», Badh lAwAto,.. ^ i ffwfr fw?* ri\ tito Pf^ 
(oQodsia of BolsiMo, aro th a s t i miB i at fitfl d Bg paaa 

uomoa wUlaiwayotoraveito topoalatito 
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gcales, that Is, It was oxidised or ooaverted into on earth. This 
aubstanoe is the same meroury oxide whioh has already been mentioned 
(example 3). After the lapse of twelve days the apparatus was oooled, 
and it was then seen that the volume of the air in the apparatus had 
diminished during the time of the experiment. This result was in 
exact contradiction to Stahrs hypothecs. Out of 60 oubio inches of 
air originally taken, there only remained 42. Lavoinor’s experiment led 
to other equally important results. The weight of the air taken decreased 
by as much as the weight of the mercury increase in oxidising ; that la, 
the portion of the air was not destroyed, but only combined with mercury. 
This portion of the air may be again separated from the mercury cudde 
and has, as wo saw (example 3), properti^ diSbrent from those of aln 
It is called * oxygen.’ That portion of the air whioh remained in the 
apparatus and did not combine with the meroury does not oxidise 
metals, and cannot support either combustion or respiration, so thiM» 
a lighted taper is immediately extinguished if it be dipp^ hatp the 
gas whioh remains in the bellrjar. * It is extinguiehed ki the lesidual 
gas as if it hod b^m plunged into water/ wTit4» Lavoisier In bis 
memoirs. This gas Is oallod ‘ nitrogen.’ Thus air is not a simple 
substance, but consists of two gas^ oxygen and nitrogen, and therefore 
the opinion that air is an elomontary substance Is erroneous. The 
oxygen of the air is absorbed in combustion and the oxidation of 
metals, and the oarths produced by the oxidation metals arc 
aubstanoe oompoeod of oxygen and a metal. By mixing the oxygon 
with the nitro^ the same air as was originally taken Is re-form^. 
It has ako been shown by direct experiment ^t on roludng an 
oxide with (mrbon, the oxygon oontahned in the caddk ki tvanslerrol to 
the osrbon, and givM the same gas that is obtained 1^ the oombus* 
tion of eatben In this gas is a emnpo^ <A carbon 

and oxygm, jmk m the earthy oodiies arc eempesed of umtals and 
oxygon. 

Tbo many example of the formarion and decomposition of sub- 
stances whioh are met with oonvinw us that the majority of subttnn^ 
with whioh wo l»ve to dial are compounds made op of several other 
iubitanocs. By heating chalk (w dm wpj^ earb^os^ as in the 
second example) we obtain Erne and the Mumt earbenio add gas wlddh 
is prodoc^ by the oombusyon of cadxm. On bringing l^c into 
©ontact with tins gw and watw, at the Oidmary tomparaturi, 
oljtam the cotnjKmnd, carbonate of lime, or chfdk. Therdtero chalk b 
a coun)ound. So alio are tJjMO suhstancm from which it may bo built 
top. Ciurbouio anhydride b formed by the mmblnatkxii a£ mthm and 
nxygen i ^od lime b jproduced by the oxkkkdcm of a cwbhci metal 
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called ‘ caloimn.' By resol-dng ha thk »WMi#r Inlo ^at 

45 omponent parts, we arrive at laat at such ai ar® iadivkibte iat© two 
or more substanoes by aay moaas whutevwr, aad which cannot 
from other substanoes, AU we con do Is to make such 8ol»t«i^ oom. 
bine together to act on other iubttwaow, 8ul»tifi<«k which eannot l» 
formed from or deoompowd into others art termed mmpk mSrntmm 
(elements). Thus oil homogenoow B«b«tftnoM may b« okaidfled inte 
simple and oompound sub^o^ This view wm Intrfiduwd and 
established os a soienfelfio fcmt during the lifetimi of 3UvoW«r. The 
number of these elements ii very wnaU in oom|»riiOtt with thi numbir 
of compound substanoes whioh ate formed by teiimu At pr^wtl 
time, only seventy elements are known with carteln^ to fl«»§ 

of them are very rarely met with in nature, or aw. found la vmy rnmll 
quantities, whilst the exktenee of o^ers is sMU doubtful The numbM* 
of elements with whose oompounds wo temmoaly dml in «v#i^irday HIb 
is very small. Elements cannot bo tranamuted into erne oaothtr—al 
least up to tho present not a dngli ease of woh a tetatformatew hw 
been met with ; it may thwftlore be Mid ittwA, at y»fc, It is Impcwribli 
to teonsmute one meted into AM m notwilh«laMinf 

the number el attempts wbieh have bo«a made in thli dlrietf«, m 
fact hoe been disoovered whioh oould iu any way su|fort Wm of 
the complexity of such wdl'kncwn^i^lttCQ«tei^ m oxygws, ful|Mr, 
&o. Therefore; from its very ooneeption, an k not 

ito reactions of decompodtion.'*^ 


*0 Many o! the aaolent jMotOphm Manmsd ^ te OM Ow of 

imatter. TUa idaa atlll appeom in onr ttose, In MnaMnl tteta WMi iw l» 
treduoe the nmnbar ot Uu) dsmanto; to piws, lot k>sl«AM, UiM branJbM **»»*fHM 
or tha.t chlorine oemtaina oxygen. Many methoda, lonn4M hoUi on fqpfff tewrt 
theory, have been tried to prove tho oomponad nature of the olw o Ml m , All Www 
this Section has aa yet been in vain, and tho awnran^ that elementary tnartwr la mA 
so homogeneone (single) as the mind would desire In lt« flrat trwmiwt »«f 
,aatlon la etrengtheaod from year to year. All onr knowl«%e that Ikw oM 
jother elementa retoaia, even at endh a hi# teBapatatww m th«f» te ^ m», m 
parent antetanQ«%^i^Mk.«m^^ ense^M Admiwtai, mm 

Wenta^y, tte eimsntary term of mattw, a mrtW »wt te 

my whiA it oot|m' rise to the varlona elwa^tei as aJw the moMm t4 iMi 

UtsinaWott from one material If it he eaid that ttU# divorAnd# twiy mAw ai tew 
toi^ateee, aa ia observed with iaomeridee, then Oim wonW b« mmm to «iw#st, If wrii 
the transition ol the various elements Into one partiwtlMr uA mem Mahla fcim ^ 
the mutnoJ transformation of some Into otoere. Bat Mo thte g of th t MnA ftw t fitf Wt 

ojoh^st'a hope to manoteetw (aa Borthottes pute it) m 

theoretical or praetioal teundarion. 

‘t? ^ WiaMw tikumm el ih« 

^ bavolster, and from that lte« imtef to ^ 4® 

BttI ft mast te 

moments form the Umitiag horisoa of our toowMM of mA It te afrMM la 

determine a positive side on the bordwlond iM tewm. iMte, te m fcntei 
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The quantity, therefore, of each element remains constant in all 
chemloal changes : a fact which may be deduced as a consequence of 
the law of the indestructibility of matter, and of the conception of 
elements themselves. Thus the equation expressing the law of the 
indestructibility of matter acquires a new and still more important 
signification. If wo know the quantities of tlje olomonts wliich occur 
in the re>aoting substances, and if from those substances there proceed, 
by moans of ohomioal changes, a eorios of new oompound substances, 
then the latter will together contain the same quantity of each of 
the elements os there originally existed in the re-acting subBtanoes. 
The essence of chemical change is embraced in the study of. how, 
and with what eubstanoes, each dement is combined before and after 
change. 

In order to be able to express various ohemioal ohangea by oquations, 
it has been agreed to represent each dement by the first of some two 
letters of its (Latin) name. Thus, for example, oxygen is represented by 
the letter 0; nitrogen by N; mercury (hydroiigyrum) by Hg j iron 
(forrum) by Fo , and so on for all the olomonts, as is soon in the tables 
on pago 24. A compound substaboo is ropimonted by placing the 
symbols ropresonting tho dements of which it is made up side by side. 
For ©xamplo* rod mercury oxide is represented by HgO, which shows 
that it is oomposod of oxygen and mercury. B^des this, the symbd 
of every element corresponds with a certain rdative quantity of it by 
weight, celled its * combining ‘ weight, or the weight of an atom ; so tbat 
the chemical formula of a compound subetanoo not only desigpaatei the 
nature of tho dements of which it is composed, but also their quanUta- 
tiv© proportion. Every chemical process may b© expreiMed by an 
equation composed of the formnln ^Nnrespotoding with th(^ subdan^ 
which te^e pe^ in it and are produo^ 1^ it. The abaount by wd^ 
df the dements in every ohemioal equatikm must be ^ual on sides 
of tho equation, sinco no dement is dther formed or d^troyed in a 
ohouiioal cliango. 

On pogm 24, 26, and 20 a Ust of tlm dememts, with tlicir symbols 
and combining or atomic wcAghta, io given, and wo shall soo dftorwe«ds 
on what Imak the atomki wdghi* of dements arc determined. At 
present wo will only point out tliat a compound containing tho okmwrt* 
A and B is designated by the formula A« Iki., whore m and n are the 
©oefBdont® or multiple In which tlio combhujog wdghte of the 
domente enter into tho oomiwltion of tho iabetonoo. If we reprisent 

(trtKu Uiu rttttulta of tip«0lrar» Amlftli) Uii^ Uw ure m tar M ttia 

mo»t diitani »taing, UM th^ e(i|9C»rl lAts sMdaMtia wMMCt 
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the combining weight o£ the auhttaaoe A ^ a and ^ tte 
substance B by 6, then the composition of tiie «ubttoc« An B#i will 
be expressed thus : it oontalaa na part* by wright d sutatoaoi A 
and mb parts by weight of the aubstonoe B, and oonMquwally 1 (W 

of our compound contain perotntiige par^ by w^bl of the 

substance A and of the substance B. It ii tvidwt timl«« 

a formula shows the relative amounts of all tht ©ontiilndl 

in a compound, the actual weights of the elementi wmtolndt in a givto 
weight of a compound may bo (jaloulaUd from ite fommlo. For emwplft, 
the formula NaOl o£ table salt shows (m NawSS and Cl»8fi‘6) 
that 68’6 Ibu of salt contain 23 11m* of iodium and 36*5 Ibi. of oldorine^ 
and that 100 ports of it contain 39*3 per 8«at. d oodlum and S0*7 per 
cent, of chlorine* 

What has been aoid above clearly limita the provlnoe erf ehifflalcti 
changes, because from substance of a giv«ft kind thwe «a bi obtolndl 
only suob as contain tibte some elementit Bfw wltih tiiia llnitebitm, 
however, the number erf possiUe oornMnatioms Is bMldy frml. Only 
a comparatively small number of wmpoundi have ynl b«wi dtorlbdi 
or subjected to tresearoh, end any one working ha tii^ls dirMii« way 
easily discover new <mpounds which hod not befwt b» obtiilned. 
It cjften happens, however, that such newly'dMwtrdi eompoundi 
were foreseen by ohemistry, whose object is the apprA«aiiM d llml 
uniformity which rules oyer the multitude of ewapoand wibbiaa*, 
and whose aim is the comprehension of those laws which g 0 ffw& Ihdr 
formation and properties. The oonoeptioa d ^wo^ati ha^^tag hmt 
established, the next ol^eots of ohomlttry wei*®: the detemlMWoo erf 
the properties of compound substances on tlie Ijasl# of the dotertwination 
of the quantity and kind of elements of which tlmy aro coujj[K>stHl ; the 
Investi^tion of the elements themselvw j the ditorml nation d what 
compound substaaoei can be fwmed from each mA the 

properties vr\m eompounds Aow j and the appr^hontton d tho 
nature of the conneotimn between the dementi) in different oomj^mnd®. 
An element thus serves as tim starting pohat, and is tokwa m tin 
primaiy conception on which all other substance ore buit np. 

When we state that a certain element enters Into the 
of a given compound (when we say, for instanM, tibal mtromy oside 
eontohis oxygen) we do not mean that It contains odtywn ie a 
substance, but only desire to express those toanritarwatoM 
mercury oxide is capable of making j that Is, we wWi to ^ II to 
possible to obtain oxygen from mercui^ oxide> end that ft can give 
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«p oxygen to variooa other snbstanoc®; in a word, we desire only to 
express those transformationa ot which meroary oxide is capable. Or, 
more concisely, it may be said that the compcmtion ot a compound is 
the expression of those transformations of which it k capable. It ia 
Qsefol in tbk sense to make a clear dktinotion between the conception 

of an element as a mpcwaie homogoneous subittanoo, and os a wa^cn’ol 

but invisible part of a oompouncL Meixmry oxide does not contain 
two simplo bodies, a gas and a metal, but two elements, mercury and 
oxygen, which, when iSoo, euro a gas and a metal Ndther mercury as 
a metal nor oxygen as a gas k contained in mercury oxide ; it only 
oontains the substance of these elemenk, just as stMat only oontaina 

the substance of ioe, but not ioe itself, or as com contains the subitanoe 

of the seed, but not the seed itself. The eedstenoe of an elemmt may 
be recognised without knowing it In the unoombihod state, but onl|r 
from an investigation of its oomHnations, and from the knowledge that 
it gives, under all possible conditions, eubstanoea which are tmlike 
other known combinations of substances. Huorine k an example of 
this bind. It was for a long time unknown in a free state, and 
nevorthdoss was rooognisod tw an olonuont because it® combinations 
with other dementi were known, and thdr diflbronw from all other 
similar compound subatanow was determined. In order to grasp the 
diflbronoo botweesn the conception of the vMble form of an dement as 
we know it in tbo free sk-te, and of the intrinsic dement (<wr * radicle,’ 
as Lavokier caUod it) contained in the vMbk form, it thould bo 
remarked that compound substances also comMae toge^r forming yet 
more oomplox compounds, and that thpy evolve heat in the proc^ of 
oomblnatioa The original oompound may often be ©xtro^^ from 
these new emopounda by 0 x 00 % the mne metibods m dMMUte luro 
extraoted IrCHm thdr eoriwvponding many 

dementi exist under varibus visible forma whikt the hxkdnnki danrat 
oontalnod in these vewrioua forms i@ Kymethtng whidj to not sul^eot to 
diango. Thus carbon appears as oharexMd, greidiito, and diamond, but 
yet the danont emrbon done, ooutained in mdi, k ctuo and the wmo 
Carlx)aic anhydride oemtedns mrbon, sued not oharwd, Of graphito, or 
the diamond. 

ElfODents done, dthough not all d them, mm piwuMw lustre, 
opadty, maUmbility, and tlw gemt hwkt and d©dri<Md amduefclvlty 
which are proiiar to motak mad tbdr routod oomMjrmtifm But 
demenbi turc far from all lading tmiak. Tht» which do tn»t, 
the pro|H»rtii>« of inotak are cdltd (or mpta/huia^ 

It 1% ^wever, linptmiblo to draw a etriot Uno of tletw«kr«tion t»tw«ft 
oMitala imd ncm-ni'etdi^ there bdng many CntortadUary mbstanoM. 
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Thus graphite^ ftom which pencils ere manul^ttred, k m AfimI 
with the lustre ond other propertl®* of a mtt^; but elmirwl «»d lb* 
dianiond, which are oomp^ of the same suhttonee m gmphiH 40 
not show any metallic propert{®i. Both olaw» d dmwt* art elMrtj 
distinguished in definite example, but in parttcukr ow* ^ dktlno- 
tion is not clear and cannot serve as a bask for ttie exact dirWitn of 
the elenaents Into two groups. 

The conception of demente forans die bwli of ehttidcal knowlidg«\ 
and in giving a list of thorn at the vwy b<^limiii|f d mr work, w« 
wish to tabulate our present knowledge on the sul^wi. 
about seventy elements are now autbentiwilly known, burl aumy of 
them are so rarely met with in nature, and bav® b«n obteinrf la tueh 
small quantities, that we powws but a vwy kiwwWp d 

them. The substance most wide^ dibbrtbutdi in aatw «mte5a a. 
vei^ small number of ekmeota Th«i have l^a mow 

completely studied than the othow, IwokUM a number df 

Investigators have been able to mrf m mc^eiamU and 
on them. The &immU most widely hi mturt im 3 — 


mum % mtam 4 

Hydrogen, H asl 

Oarbon, 0 atld. 
Nitrogen, N «il4. 
Oxygen, 0 aal 6 . 

Sodium, Na«a 2 d, 
Magnesium, Mg «> 24. 
Aluminium, AlMt27 
Shioon, Si mBS, 
Phosphonu^P *31, 
Sulphur, S *32. 
Chlorine, 01 


In water, and in anima} and 
organims. 

In organims, 

In ahr and in organlstQii. 

In ah, water, twrtibu It terM lb» |rM« 
part of the »a« of tb« mrlb. 

In common salt and in miyny tninMiJk 
In sea-water and to many atomk^ 

In minerals and dby. 

In sand, mineml% ati4 dtay. 

In boo«, ashM of plaate, adl §©0, 

In pyrit«i, 0pu», mA to 
U to M. 


Potassium, K s»32. In mtoteuls, $Am of ^ante, and to altam. 

Calcium,... Oa«40. la limeitenM, gypwm, and la 

Iron, Pe * 66 . In the earth, iron ©rts, and to ntpntom 

Besides thete, the following dements, although not my k^y 
distributed to nature, are all more or 1« well know© fmm tb* 
appUcatione to the requirements of everyday life or the wm Mm to 
a free state or to their oompounds t— 


to^e(U.TO.X««ll„ptoor»pl.r(I4Br). 
Boron, B»U As borax, B 4 KaaO,. and m bato aahyd i^df^ 











INTEODUCnON 2d 

fluorine, F atl9. Ab fluor epar, OaF,, and as hydrofluctfie 
acid, HP 

Chromium, Cr 93 52. As chromic anhydride, CrOs, and potas* 
Slum dichromate, K 5 Cr 207 . 

Manganese, Mn9s55 As manganese peroxide, MnOg, Mid po«# 
tassium permanganate, MnK 04 
Cobalt, Co =59*5 In smalt and blue glass. 

Nickel, Ni =69-6 For electro-plating other metals. 

Copper, Cu =63. The well-known red metal. 

Zinc, Zn =65. Used for the plates of batteries, roofing, &o. 
Arsenic, As =75. White arsenic (poison), AsgOj. 

Bromine, Br=80 A brown volatile liquid, sodium broniktsb 
NaBr 

Strontium, Sr =87. In coloured fires (SrNjOg). 

Silver, Ag=109. The well-known white metal. 

Cadmium, Cd=l 12. In alloys. Yellow paint (CdS). 

Tin, Sn=119. The well-known metal. 

Antimony, Sb=120. In alloys such as type metal. 

Iodine, I =127. In medicine and photography , free, and as 
KI. 

Barium, Ba=137. *'Permanent white," and as an adulterant 
in white lead, and in heavy spar, BaS 04 . 

Platinum, Pt=196.\ 

Gold, Au=197. l „ . 

Merouiy, Hg=200. [Wdl-known mstob. 

Lead, Pb =207.) 

Bismuth, Bi =209. In medicine and fusible alloys. 

Uranium, U =239. In green fluorescent glass 

The compounds of the following metals and semi-metals have fewer 
applications, but are well known, and are somewhat frequently met 
with in nature, although in small quantities ;— 

Beryllium, Be =9. Palladium,Pd=107. 

Titanium, Ti =48. Cerium, Ce=140. 

Vanadium, V =51. Tungsten, W=184. 

Selenium, Se =79. Osmium, 08=192. 

Zirconium, Zr =91 Iridium, Ir =193. 

Molybdenum, Mo =96. Thallium. Tl=204. 

The following rare metals are still more seldom met with in nature, 
but have been studied somewhat fully 

Scandium, Sc =44. Germamum, Oe=72. 

Gallium, Oa =70. Rubidium, Rb=r86. 
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Yttrium, 

Y -80. 

C^am, 

Cn*l$3. 

Niobium, 

Nb*94. 

XAntlutfiunw Ia«1M. 

Ruthenium 

Ru-ioa. 

Didymium, 

lh«H2. 

Rhodium, 

Eh-108. 


Yh*l73. 

Indium, 

In-114 

Taistakm, 

Ta «1 

Tdlurium, 

Ti»125. 

•Rwrittm, 

Til «a231 


Besides these 66 elemtnbfi l»w l«»fj diw^priwi :~'Eft>|ia», 
Terbium, Samarium, ThuUium, Holmiua, Mtmwlrittm, FtdlU|HMi^ 
and sovoral othori. But their ]|^ro|»rtk* ii«l (mkig 

thoir extreme rarity, are 'e^ery littlo know, awl mm% their ftiMmm m 
independent flubttanow k doubtful. 

It has been inoontwrtftbly proved from m tt» »|wtiw 

of the heavenly bodies iJhat many ef th© wumcmer el«itt©n6i (swah *i 
H, No,’ Mg, Be) oeeur on thi far dktewt •!««, TW» ttwfimw tl» 
belief that those forms of matter which ap|>»r m ll^' mrih m ©luiwuit# 
j are widely distributod over the iintiro unlvMm Bui do not yel 
.know why, in nature, th§ mi*i of ihimhl Ut ffwte* 

than that of otihfn,** ^ 

The oapadty of wAi d«m«at to ocmMw with mw or 
element, and to form oompouadi wlib \hm whieh »i« In » pv»b»r or 
less degree prone to give new wd ytt Bwm «wt|4s* imwM 

the fundamental eharaeter of Mdh Thm mlfdiur ««llf mm- 

bines with the metals oxypn, cW«ri»«, or «fhwn, whUrt gnki awl 
silver enter hato oombimtions with «iKt form UMtftiiiii mu- 

pounds, which are ««% deeompw^ Imt Tibe m 
Which induces the eleoatats to entw kto db^«l dbanp ia«#t b« 
sidered, as also the cause whidh holdi iMfeswl In 

tion—-that Is, which enduw the luktan^ tewd wUh tbtir j^nkulsf 
degree of stability. This cauee or foree It 
<0nMt Vmmtdtmlk^)^ or eh«ol«d fia«i ^fai km» mvM 


3Bws wkJnswMiMfy dt •*»*«% «*! 

6Q«n|<>t.Ma.:hiP'act to ife* 

4 Mn b« M wmUm 4 ^ ^ 

dCttW ds^ts la aiftw^ pB«ria hmSbods d ^It^. 

Sil^L ow60p«««t.) te«p«id ^ 

wWe lbs Maount el to l«s to i p? ««!., »m |«f .«.i, 

sts:, m’S&xsitnSi'* ®«*- 

•ODstaaoes oombtalag have aomei h teg to 6mnEm»~e ^ li ^ 
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be regarded as exclusively an attractive force, like gravity, many 
writers (for instance, Bergmann at the end of the last, and BerthoUet 
at tho beginning of this, century) supposed affinity to be essentially 
similar to the universal-force of gravity, from which it only differs in 
that the latter acts at observable distances whilst affinity only etinoes 
itself at the smallest possible distances. But chemical affinity cannot 
be entirely identified with the universal attraction of gravity, which 
acts at approciablo distances and Is dependent only on mass and dis¬ 
tance, and not on the quality of the material on which it acts, whilst 
it is by the quality of matter that affinity is most forcibly influenced. 
Neither oan it be entirely identified with coh^on, which gives to 
homogeneous solid substances their crystalline forai, elasticity, hard¬ 
ness, ductility, and other properties, and to liquids their surface tension, 
drop formation, capillarity, and other properties, because affinity acts 
between the component parts of a substance and cohesion on a sub¬ 

stance in its homogeneity, although both act at imperceptible <^tanoM 
(by contact) and have much in common. Ohemieal force, which makes 
one substance penetrate into another, cannot be entirely identified with 

even those attracting forces which umko different substanoos atlhere to 

each other, or hold together (as when two plano-polialiitxl surfaces of 

solid substances are brought into close oontaot), or which cause liquids 

to soak into solids, or adhere to their surfaces, or gues and vapours to 

condense on (he sudfaoM of solids. These forces mutt not bo con¬ 
founded with chemical forow, which cause ono substano© to penetrate 
into tho substanco of another and to form a now sultetaneo, which is 
never tho case with (»hwion. But it is evident that tiie forces whidi 
determine oohMion form a oonnenting-Unk between meolianical and 
chemical foi^ because they only act by intimate oentaot. For a 
long tiiu^ and e^peds% duihog the flmt biik of this emtiuy, dhemlcal 
attraction and chemical lorcis were identified with elMtidoal for<m 
There is certainly an intimate relation between them, for electricity is 
evolved in ohomioal roaotiona, and ha* also a powerful influeno® on 
ohomioal processes—for instanoo, compounds arc dceciniKmcKl by the 
action of an ©leotrioal current. And tho exactly similar relation which 
exists between chemical phenomena and the phenomena of boat (heat 
babg developed by cheaoaioal phenomena, and hwtt being aW® to dwm- 
pose compounds) only provM the unity of the foroti of nature tiho 
capahUity of on® force to protluce and to be transforroidi into otihors, 
For this reason tho idontifioation of chomioal fore® witit otectrfdty wlU 

aaolbsr i4ita evoivod IImU in aad hM Uwd weM mw, Ms ^ Me with to 

m |idair difitofiM, m m tort to AH « wMi 
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not bear experlmontol proof.*® Aa df ftU the (rool#wW) 
of nature which act on iuhttrooei at wmU dirtaao^ 

the phonomena of h^t are at piwont the bott (comp«»tivtly) 
having boon reduced to the eimplwt fttwkiowjtAl |«rincipliii of 
mechanics (cf energy, oquUibrittm, and movan«itX which, d»« 
Newton, have been subjected to itrtot niAlh««al4»i aiAly*, it |« 
quite natural that an which haf bi»n partwukrly prwwuow^ 
during recent yeare, should have bwn taad# Imng ©IwroW 
phenomena into strict oorrolatiim wUh th® alrtmdy ph». 

nomena of heat, without, however, stoing al any hhwitiflmttoi # 
ohomioal witli heat pbenoowaa. Th® tew nature cl»«iitk»i fore© li 
still a secret to us, just a* ta Uto uaiv«ftelfor«igmv%, 

and yet without knowing what grevi^ imMy fei, by appiyiiif 0 M»bMl. 
oal oonceptiona, astronomiwd lto.ve «i3^ 

to exaot generaUsateon but to dMdM prtdkten d! a oualMr oi 
particular facte; and so, ak^ although ^ tew imlofe ei 
afBnity may bo unknown, there is wmooi Io bqpe tar pre» 

greffii in obemical sdenee hy tito hm oi GMdkAlia to dhe^inl 

phenomena by means d tibe m^hiuQtad d hwt. Ab ym ^ 

portion of ohemistey has bwi but Mttie wedM §4 awi thwdNra^ vMb 
forming a ourrmit problem d the idwoi, it k temirf ww Miy te 
ttxat particular 6eld which is imsmi dtW * ' m * phy^il * 

ohemistry, or, more wroctiy, §hmM mmkmdm A» tihk pwioot d 
ohemistey requires a kaowWge not «ly of vark» 


8® IspecteUy coadwlir® ore tecM cmm «4 na^JW 

Chlortafl, ta (KTObliUai witti hy^begM, loTM a fwy wkste 

odd/ whldj le niOit te* ihtt A«te d Mt iMital m»m ferta Atoto* 
the oMoriM a|^?«(urlaf d fh@ poMm nod Ibi kte** tk ihm thmm 

«lcotio.ohemf0t8 ooBdderid to b« ft© aM ofcfcaite «« «!■*«». 

negative elemoat, Rad ibal th«y wre ItoW tosMte to vtr^ rf MM- 

Sbwtgea It tewem, fcrett «* iWfiNie hpite 

Iwetedy, hydrogen <m»«plfteftehteiim)te^ wttkmte mf w»f ttes^tof 

^ gtoeptog Qt (he ©that tiWMli, «r «Mr ^ fm 

hMto^ ftoetie fteiate^*.-ldlMpa 1»* h«« ^ to ^ gf 

lomntogaftlta lttott^kcbft«y«d, tewUiA M liwatAiMte 

ftyyu thwyyw (ttd ewvtfw ft flw liw ^t»d« 

It to etld^ tea ^ 

s^rjrBt'srssi .■Ks-jsr.'ra 
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iabstanoos which have yet been obtained and olf the chemical tran** 
formatious which they undergo, but also of thophonomona (of heat and 
other kinds) by which those transformations are aooompani^, it is only 
possible to outer on the study of chemioal mochonics after an aoqvmln*- 

tone© with the fundamental ohemiwd ooncoptiom and substonoos whioh 

form the subject of tins book.®* 

As the diomioa! clmnge* to which aubstanoM am Uablo proo©^ 
from internal foroos proper to thme subatanoos, oi ohomioal phonomoim 
oortninly consist of motiom of material parte (from the laws of tlio 
indestructibility of matter and of dements), and m the iavMtigati«n 
of meohaniool and physic phenomma provM the law of the 
iibiPUy qf/orem^ or the ©onsioTatioo of tnergy—that Is, the poidbiMty 
of the transformation of on® kind of motion into another (of vWbla 
or medbaaieal into iavirible or phytioal)»*-w® are inevitably obliged to 
acknowledge the prewHaM in AubitanoM (and espoddly in ihe olomonte 
of which aU oiheM are eompowd) of a »toi» of ^mimt mm^ or la» 
visible motion haduoing them to enter Into eombinatlaat. H hMt* 
be evolved in a imotitm, it mwuia that a portion of oheml<»l oner;^ I* 

I ootJsld«r tbal to m UistbtHik nl cijamialrj’, like Um twwml, U l« «ilf 

f»OM{ble tund ki mmUm, to mfwenM ki dimteftl mtN'ttA.nioR, n. tmv gwMrwl 

tieM oaS Home piurttoutHr MamplM !ra 4 <«nrto|; men MpoeUlj %a gft«*>a, wHom miwlwitoaJ 
rott»t ba reprdaa m me«l etnapl^. Tbs moteoulM rtwflJmUw ni U^iUd# »«4 
tcUds In M fvl to mbrfti, onA omtoto* mocto tel i« diiiMitoUe; for Ihia mmmo, 
mctimkMt tm 1 m pnx^gemi ia r^Uw l» Umm wntwlMaw. XI maf 
b« wiHflHImas h«f« to moMli, wltto itwtp^ to lh» Moeeplbm of ^hmSeal offiallf, ^yhAil 
Qp to Ihe prMwal IliOM gnvilf, bmi. have oU bam to (ta 

Ibin. Efiarfo ban aim b#w madk to Intidltmi lb« luMtoifwtma elbw into 

asod sboold Ibal OMuwotte b«lw««a di« ptwmmwA of i%bl ud deeliM% 
wbidh WM MtobUsbed bf MuewaU b« wotM m% mom to d»obil«M tilew 
to atoeldato bU iw a gm-l debt % lb# aid cl tomlalfoiroiM Mbw wtU ofoto te 

teeofotiMl ^amtohti'. Aa toAtpMdial bbodMA mMbmkM of ^ naMd prMw ^ 
fnatlw, f md ^ tbbb' Iniwwd {atoolA) wmM^ to avto M 

oflb«M«iarto. fe« baoMl pM mo Mtwtoa ItM d a ln% 

tbrnreblMl sMobaaiM of mknaal vWbk moMoa, MOd m tUi fomdote «rMl«d 

of eblmltal romhanit*. On« hundwl fmn Rfo Laif^Ww arrived lb» ttr^ 
fondamontol Uw nf Uitt Ijitomal tiuwhwik# t.f innaiMia j.ftrliole# of Tbl# 8»b|*wl 

Ir fiir fnim hurin^ b»«ii dtiVBilxiKMl » hiwnennlosi# whuU", il to rnwh 

dlfflcrtilt, *wj 4, ainuMSg-h ortoy Iwr*! beoji r-umplelely tnv#st(a»t«t. U »«*% 

poMOM my etertlnf peteto. Nwwkm wnly poiw# Bfbsr Opemtona wmI *lf J4 «mS 

Ailwnwd »f»ptri«Jly tlw «t#rtw>r •mpUplif of e«l**k»l {■ifowpwowt.a. l#»voK»i#f »»»4 
Dftlkm maf, la rmport to Ibo rbt*wk«>l m«ib«a«« *4 ltl» BifiWttlw wwrkl. ef«p«»*d 
to Ooporftkm# and KB|»l«r. IImI a N«»k» b« wol f«i ia lb» mfde*alM wtitifl | 

b« deei, I iWab Ibal bw wtU iJw fot»d«i«*i*l {««% «} ib* 
te'rWMa motfoo* al mattow ««iSf w»d nmtut riutoWy to lb» > towoiml »terrttoi» «rif 
roattor lima ia pbffttmJ pb«M«i»«» »loc‘lrtelif. imi, Mil Itgbil s ter foitof m*m 
mfttwapllahwl t>f twittoJi* t«f ainady ll to »»• ele»jr tbal si» 

j^fCblam of obarivkdl cwtiMte# m*tol| Itoi iti M 

tm tovMbl^ Mwmi^dabftd bf ite rndM fttaM ef MMr. 
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twnrformed into heat;« H heat be abwrb^ to a it 

partly transfeweed (rendered latent) Into oh^ioal energy. To© itor» 
force or energy^^otog to the formation of new componodi may, af^ 
several combinationit, aoootnplished with an id»orpUt« of hm% at la«| 
dtoitd^ to each a degree that Indifferrot ooropoamk wiU bo obMto^ 
althon^ thoeo aometlmea, by combining with «o#rg^© ohmante m 
oompoo nd") give more complex oomponnde, wWcb may be mpablo d' 
entettog Into chemical combination. Among element*, gold, jptottonro, 
and nitrogen have bat little enei^i whiltt oxygen, 

oWortoe have a vo«y marked degree of mmm- Wb« dWmlkr m\h 
stances enter into combination they dtw torm wbrtamw d dtotoMirf 
energy. Thus enlphnr and poto^nm whm b«atid i^ily b«rn in air, 
bnt when combined together ^ wmpo^ i« oelth«- toftamcmbla 
nor borne to air like ite component parti. Bart d ^ ^«*y d the 
potaseittm and of the eolphttr wae wolydi to ^ to ^ 

farm of heat. Just as to the pae«go of «bilaoc«i horn »« 
state into another a portfioa o< tbi 4 r rtort d bi^ li ito»A«d m 
evolved, 80 in oombtoatkw or dwompos^ow and to mmj 


» fh« theory of h«n gave kUa of » Mwt of tasMrMi m«te m mmgf* 
tltowtowrt»lblt,ttheowoM »«e#««yW ^ i» 

toonaa«(»wh8t€NWl(»fcl«o*i^ 

powa,bDli>otpo8Slih«bftfl^^ hMiliaolioa lifvofw to »db»«i«i 
iDoUoa to atoms, hot that aa mokooks am ^ Mte dt tib* mi 

paams to too otber, end toat lor tote hMl toraagb rwA© mA 

q;ipeac«or ata^n^oaio (ii 'SRtMA wIM m app^ 

Aod hardly to doobt oa Vbm, MOl !•««* vmA toal to OcMiMml ii 

detaO, beoaoM all lon&A of molMitor m6 aimk ca^lM mm abb to poM toto Mdt 
otoor. 

» !Fhe roaotioiui whkh toke pitoM (at toe orteMv et «l a 
botwoem rabslaaooa may be okai^ divtotoS feito mwmmI, 
oQ OTototkm of boat, and oodotoomal, wbtoh aw MMnpaMI by m itown^te *4 
It to ovidont that tho lattor r«<iBto« a somra# dt bMl. Mr« detw^tol by ton 

ditQotlytarroimdkK|m«diina(aa btoe teoatiM of Mitoi tMtt Mki 

oolpfanr, or In daompoaUtoM wbtoh lake ptoN at hf n 

fMoodacy roaoSon i^ioo«oltto| m mm eitar Imw ^ w«w 

okiiiklly). SoilwinnfMi^ciydMfMsaMMitotonmfMrf^Mtoatotitetfm^^ 
of vator ^til' tot 'illMit ol toe beat rtim to ewtfed % to« Miata la w»t«r of tte 
pKtotee^. 9hto to toe wwm toto fw^m, m rw# 

tatoto!|toiee' to toe presMee of watoar} etJutwto II wato be by a twAB* 

efteot. As to toe eorobtealion d dudmllev wIMmmm, Itot be^ «^i« 1 ^>(wbi ^ 
tooleetstoBaad atotoe of toe homo|eMOM«toetaMM tera to be tortwR to 

ifiaottoaa of the forcototon di wdbmem pwxwetos 

wito the formation d#»oto«r,#»a,ae to ft 

cihangee tiOm plaeo, tt to tajpoirtbto to eiparato toe h^ «»» ii»» 

mae^^toetotdinmdtoeobeertodhM 

ditojrito'Ve»yMiBpto»,a»d wBoto l^lh«BMilvto^to*tayte pR^ 

oaltwaBiittoatimppoaedtoi^m^ l!haeiiiA ta 

bat oloM tto 7 do nto oooetiti^ 
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process, there occurs a ohaoge in the store of obemical ezxergy, and at 
the same time an evolution or absorption hoat.^ 

For the comprehension of ohemicai phcaxoauana-afl^meobiUiic^ pro* 
cesses—i.e., the study of the modvA opercmdi of ohotnical phenbmeoa-^- 
it is most important to oonsid'er: (1) the facts gathered from 
stoichiometry, or that part of chemistry which treats of the qtContita* 
tive relation, by weight or volume, of tho reacting substances j (2) the 
distinction between the diffbrout forms and clauses of chemical 
reactions j (3) tho study of tho changes in properties iwoduo^ by 
alteration in composition j (4) the stu<Jy of the phenomma which ao* 
oompany ohemioal triinsformation; (0) a generalisation of the ocm* 
ditions under wUoh reactions occur. As regards stoichiometry, this 
branch of chemistry has been worked out most thoroughly, and 
oompfiises laws (of Dj^ton, Avogodro^carhardt, and others) which bwwr 
so deeply on all part§ of ohemistiry that at the present time the chief 
problem of ohemioal research consists in the application of general 
fttoiohiomotrical laws to oonorete eocamples, is,, the quantitative 
(volumetrio or gravimetric) oomposition of sabstonoos. AH other 
branches of ohomistry are clearly subordinate to this most important 
portion of ohemioal knowledge. Even tho very signidcation ol re* 
actions of combination, decomposition, and' rfaunrangemont, acquired, as 
wo shall see, a partioular and new oharaoier under the Influence of the 
progress of exact ideas oonooming the quantitative relations of sub* 



for example, red mercury oxide always contains dxima parts by wei|^t 
of oxygon for every 200 parts by weight of morcury, ■which is exprweed 
by the formula IlgO. But In an alloy of copper and silver ono or the 
other metal may be added at will, and in an aquwus solution ol sugar^ 
the relative proportion of the sugar and water may be altered and 
nevertheless a homogeneous whole with the ifuro ol the indepmdant 


Ai eh«mJ6»l rMotimi oUwM by beatini;, go tbo hmi abwrbed by watoMmwi 
bdtora d«<McnpoBiUoi!i or obaxigo ol wd osJJlod ‘ bMft,* goM to many mim ta 

^ prapejratioob, U it may bo oo wproMOd, of ovw wbM tbo Ibn^ of the 

^p«mtaro»tr«MUon ionutatiaUmL ThomolMolMola «otatoiMi«4,whkbiaaol«Ms 
loxMot <m a ttubstooo B bobw a tompmiore I, by betagiMOtod nm» a oonowliat tower 
to I, uodoi^oM tb^ oboa^ wbl^ b^ to bo onivod at for tbs t awB sidtoa 
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proportios will bo obt«inod—i«n io ^&m mmm thm^ wm irniMkdm 
^owioal corobinRtJoD. Altboogh m mtum »mi ebt^nu d iirtK^ioe th& 
foroiation of mdofioit© ootopounda (sftch as alluya ati4 w.luUoia) jOftyt 
as essential a part a® the formation of (MniUs cbrnnical cmtqhmKk, yo% 
a® tho stotohiotootrical laws at piWJt apply dmtiy to ilto ktn^. lOl 
fftoCB oonoernljog iad^to oompomadi luffer from mui li 

la only during rocont yean that the attention of rlwtukt* l»a Ima 
directed to this province chwnlftry. 

In ohemioal mechanio® it It, from a qoalilAUvo of vi»w, very 
important to clearly dktinpish at the wry t»f|inuin« iHtiwmi m»r. 
Mkahcl non-mmrndk rm^wm. BnUtMtiom «»|‘al4o of r%wtlni| i» 
each other at a oortein fcerapomturt pitxluco which at 4ha 

eame tomperatur© either ^ or cannot giv« l>Ack tJw suWimum 

For example, salt dissdivei in wator at tho twlinary terii|»«tur», awl 
tho solution BO obtalnid « csapablo ol lumking up »t the mum 
turo, leaving avlt and »«j»mUiig U» wat«r by tn-aikHration. ihxhm 
biBulphido is formed from aulplittr and ca.irt»i« at tti*wt th« mm 
temperature at whioh it m bt r««o4vid into ttdpliur atsd Irw, 

at a eertfidn twoperatur®, Mfpa»t» bydit^r frwm water. I»*rwj«g i«« 
oxide, which, in oontaot with hydrogen at the wwmi te«i|Htmtur», k ahk 
to produce iron and water. It k ©vidwit that if two A 

and B, give two other® 0 and D, and tho n«Kitk»n iw rftv«mhle, th«tt 
0 and ID will form A and B, awl, coaiwjupntly. by tAking a tl»4ntte 
mass of A and B, or a conr^ponding mm of C and D. w» rfwil oliteln, 
in each case, all four ®ubstano«—that is to my, thero will l*e a stale 
of chemical cqnH^trium between the imetJng lly inrnmlnf 

the mass of one of tho sutataaow wt oblaift a imw rtirulitiun «»f nqui* 
librium, so that rovortible imoUons pfe*iiot a rnmns <*f 9t«dyit»g tho 
i^/lumc$ qf mms on tlte tmdm of chwaical ©ttangWi. Many 

of those reactions which occur with very ©otnplimtel or 

mixtures may servo as wtwmpto of non-rtvorolblB rmotkim Tlwi 
many of tho compound «d«taae« (rf wdawd awl vt»»i«blB wtpunmm 
ore brokon up by heat, but cannot be ro-forewl froiii tlwir 
of de(!iomposition at any temptraturt. Gunpowder, m a miittum of 
sulphur, nitre, and caihon, on being wtplodidi, ftirmt g«**« frwti whiidi 
the origmol substaaew cannot b© ro»foirm^ at any te«»|iiirttluiv. In 
order to obtain them, rwurw must b© had to an hwilrw-'l wnth«l •>/ 
combination at the tfwmcnt If A dtx» not uwiw »ny 

clroumstanoes combine directly with B, It d^ not follow that It mnnot 
give a compound A B. For A can often comMae with C awl II with 
D, and if 0 has a great affinity for B, then the ruction of A 0 or li I) 
produces not only C D, but also A B. Ai on the foromiioii of G B. 
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tho eabstanoes A etncl B (prevloudy in A 0 and B D) aro Idt in a 
peculiar state of 6oparatu;>D, it is supposed that their mutual ootD* 
bination occurs because they meet together in this naeeeni 6t{U6 at tha 
moment of separation (in statu naeoendi^. Thtis ohloifine does not 
directly combine with charcoal, graphite, or diamond } there are, never* 
theless, compounds of ohlorino with carbon, and many of them are 
distinguished by tlioir stability. They are obtained in the action of 
chlorine on hydrocarbons, os tho separation products from tho dipoct 
action of chlorine on hydrogen. Ohlorino takes up the hydrogen, add 
tho carbon liberated at the moment of its separation, enters into com* 
bination with another porUon of the ohlorino, so that in the end the 
chlorine is combined with both the hydrogen and the carbon.’* 

As regards those pbonomem which accompany ohemioal action, the 
most Important oiroumstanoe in reference to otmiioal meobanics is that 
not only do ohemioal processes produce a meohanioal displaoement (a 
motion of particles), heat, light, electrical potential and current; but 
tlmt all those agents are thomsolres capable of changing and governing 
chemical transformations. This rociiuoclty or reversibility naturally 
deponds on the fact that all the phenomena of naturo are only different 
kinds and forms of viaiblo and invisible (moleotxlar) motions. First 
semnd, and then light, was shown to oonrist of vibratory motions, as 
tho laws of physics have proved and developed beyond a doubt. 
The connection between heat and moohaoical motion and work has 
ooasod to bo a supposition, but has become an accepted fact, and the 
meohanioal equivalent of heat (425 triktgraoaanetres erf meohanioal work 
correspond with one kUegnun unit of h<a»t or Calorie) gives a meeha* 
nioal mwore for thermal pbenouMsna. Although the meoluuaical 
theory <rf eleotrioal phenomena cannot be ooiwidered so fuUy dev^kiped 

as the theory of heat, both statical and dynamioirf' eleetiidty are 

M It ii posdblo to ucaaKino tbst tho tmm of a great tmay of ea«h reootioos Is, that 
(mbttfuuMMi token in a »ep<urato oifttn, for Imtaooe, ohorooftl, proraat a c<>opkic tooieeohi 
ocmpoAoC of ftopajrato tUoniR of oxurbon whkth ore Cafilooad together (aditwl, m le asoAlhf 
eiUd) by a mnsldoreble aOlnity | for atom* of the «ame Ubd, joM Uk« &tom« (d dUtmol 
hjbods, poMM s matool affinity. The ottoity of ohlotiM for Mrboo, eithongb ooAble 
to br^ tbifl bond awndur, mny be eoffieisat to form s etabb oompotmd with tOoBoe ol 
oftrbon, wbld» ture olimiidy eepemto. Sneh s view of the BnbjM^t preeeata a hypothesitt 
whidb, elihcmgb domioMot at the prMoot time, b withont eoffid«aUy firm foonfioMon. It 
k evident, however, tbM not doM ehemlo«d tmMm ItMlf wMiiik of motkM, hot 
thdkt in the Mmpon^ formed (in tho rndtoonke) Om i^eqtenta (Aoiui) tonslog it ere la 
luumoniooii Btoblo motion (like the planets in ffio eokr eytitm}, and thk WtDl 

ottool the etidinity and oepoeity fur reoetioR, and therelom the moohattio^ iddoof ohmnbal 
aoUon most be oxModiir^y eomplex. Joat m th«ns ore a&Ud, physteaUy eonetont nca* 
vokMb enbetanoM like ro<^, goM, ehiutml, m mo thsso and obmioatty OCa* 
itMit bodies i whik oorrMpondlng to physi^y vdaUb l Ub a te a Bc es thsro Mrs bodto Msi 
somphor, whioh mo ohomioalls' mutnbio variohlfk 
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produced liy mocliftnical means (in eomtiwn eleeirieiU mwdilwvi «r in 
Gramme or other dyuamoa), and convtwly. ^ « urm»t.' (irt ♦d.H ino 
motore) can prcKluoo ineoliauieid tnotimj. Tlmi« Ey rdmuTtiun r furr<*nt 
wit!) thopolefl of a Gramme dynwtu* it msiy madr. la find, 

conversely, by rotating it an electrical cmrf’nt i-t |n.».!ucr4. wfurh 
demonstrates the reveraibility of 6lr*e,tririty into me hani.-.-d wuth.n. 
Accordingly chemical tnoohanioa must hM.k far the fund.umntlsil luiri 
of its advancement in the eorrelation t»f rhemu-^d witli j.hyp4.-»l mu\ 
mechanical phenomena. But this aubjw't, owing la iti c..m|4.-\iiy mu\ 
comparative novelty, has not yet l»-<m expnwd Sty » h^rmanums 
thcoiy, or even by a wvtiaftwtoiy hy|K»the*si», ami ihrrttfara wp ahaU 
avoid lingering over it. 

A ohomloal change in a certain dinH'tum i« arcanipliihwl m<r ».nly 
by reason of the dlfferenoo of maasi*, th» com|Kmitit»n t.f ibei«S*«tanc*« 
couoomod, the distribution of their jiarto, ami their aSllnity nr chrmi» «i 
energy, but also by reason of the ctmtiifum* undor winrh llm «nb* 
atoncos occur. In order that a mrtain chrmie«J rpacUait way t«kn 
place between sabstonoM wWdi aw ©apable of opting on «ph «»thcr, 
it is often necessary to have i«OU»i to oomlltioni which w immmtimm 
very different from thote in which the sulataiiwa uaually t^cur In 
nature. For example, not only is the pw»enw of air (»mygt^n) 
for the combustion of eharotml, but the latter muife al»o b*» heatiwi tet 
redness. The rod-hot portion of the ohani«»aJ burnt nunbiiM* 
with the oxygen of the atraotphere—and in m doing uvuWw hmt, 
which raises the temperature of the adyaoent parta »»f rhsrwial, 
that they burn. Just a« the oombusUon of cl»r«»,l « <b|»fHnlwit nn 
its .being heated to rednoBi, so also ivwy ehimW imtitkm only iiihiw 
place under certain physical, meohanit*!, or other w*fttlltl«rv». Th« 
following are the chief conditions which exort «n intlueiw# on tlm 
progress of ohemieal imotions. 

(a) tmoymiii ol »wbi«ttlh»n indy t*kn 

place within otrtidn deftnito Ifani'i^ of wm! hm 

aooompUshed outside thMo Umlte. We may die m ommplM Rcit <tnlj 
that the oombustkm of obareoal begin* at a rid hm%, hal alao that 
chlorine and salt only oombiao with water at a fewtipwaluri l«h»w 0 ”. 
These compounds cannot be formed at a higher tempwmtnrR, for tltey 
are then wholly or partdahy hroktn up Into their ocwnpfflRwnt 
A certain rise In temperatur® h mmewf to start wmbn^hm. In 
certain oases the effect of this rise may bt tij^aid m **»« 

of the reaching bodiwi to change from a sriM into a «r p^K»» 
form. The transferenos into a fluid town lad^tatM tbt ^ 

the reaction, because It aids the intimate oontaol of toe portote 
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reacting on each other Another reason, and to this must be ascribed 
the chief influence of heat in exciting chemical action, is that the 
physical cohesion, or tho internal chemical union, of. homogeneous 
particles is thereby weakened, and in this way tho separation of the 
particles of the original substances, and their transference into new 
•oompounds, is rendered easier. When a reaction absorbs heat—as in 
decomposition—the reason why boat is nooossary is solf-ovidont. 

At tho present day it may l>o asserted upon tho basis of existing 
data, rospooting tho action of high temperature, that all compound 
bodies nro docoroposod at a more or less high temperature. We have 
already aeon oxamples of this in desoribiog the decomposition of 
mercury oxide into meroury and oxygen, and tho decomposition of 
yrood under the influence of heat. Many suhstanoea are decomposed 
fat a very moderate temperature j for instance, tho fulminating salt 

which is employed in cartridges is decomposed at a little above 120^ 

Tho m«i(jorIty of those compounds whioh make up the ma^s of animal 
and vegotablo tissues are dooomposed at 200®. On the other hand, 
there ia reason to think that at a very low temperature no reaction 
whatever can take place. Thus plants ooaso to carry on their chemical 
prooeasea during tho winter. Raoul Hetot (1892), employing tho very 
low temperatures (os low os — 200®O.) obtained by the evaporation of 
liquefied gases (m Ohap. II.), boa recently again proved that at tempem- 
taresbelow-120®, even suoh reaotious as those between aulphurio acid 
and oaustio .soda or motallio sodium do not toko place, and even the 
coloration of litmus by acids only oommenoes at teraperaturea above 
—80®. If a given reaction dow not tidee place at a certain low tempera- 
jture, it will at first only proceed slowly with a rise of teroperatum (even 
If aided 1^ on electric discharge), and will only proceed rapidly, with 
ithe evolution of heat, whem » efartain definite temperature has been 
reaohed. Every chetnica] reaction requirM eertein limits of tempero- 
turo for its ocoomplishroent, end, doubtless, many of the chemical 
changes obsorvod by us cannot take ploco in tho sun, where tho 
temperature ia very high, or on tho moon, whore it is vory low. 

The influence of heat on revtsraiblo rmetions is particularly Instruc¬ 
tive. If, for Instance, a compound which ia capable of being reproduodl 
<rom its products of decomp^tion bo heated up to tho temperature at 
whioh decomposition begins, the deoompMltion of a mm of the suh« 
•tanoe contained in a definite volume Is not kemediat^y 
Only a certain fraction of the substance is deompcMd, ^ other por- 
remaining unohonged, and if the temperature be railed, quan¬ 
tile of the tubttonoe dMomposed inomeMi; fufthmoaore, lor a 
vdtmm, tibe ratio between tiU part deMnupoeed and tiui part unaMifed 

















PBlNCrPLES OF CHIMISTKY 


86 

oorreaponds with e^oh <!eflnlto vim in tcnnpmturi until ife rm^m thtti 

at which the oompouncl ia entirely This 

position under the iniluonce of heat m cjdlwl dmirn'minm. It ia pm- 

Bible to distinguiab between the hmijiemtureM at whieh cHii*rwi4tirm 

begins and enda. Should dis«velation prtH'wl at n e««rt8in 

yet should the product or proiluete of dwoujiHutition n«*t rniwin in 

contact with the still undooou)j«»«l j-nutien (»f tlsn r»sj»|M.unii, then 

decoinpoaition will go on to the end. Thus Hmeatoim » 

In a liraokiln into Umo nod carbonio anhydride, iHHtiiu*' tim latter is 
carried off by the draught of the funiam Hut if m ina* ol 

limoatono bo enclosed in a didinitu volume - for inatenoo, in a fun 
barrol—which ia then »«lod up, and htmtel te n’dnp«, ihotj, iw ll» 
carbonic anhydride cannot weap®, a wsrUin pro|H.rit«r> only of tht 
limoatono will bo dooocQ{>o»od for every itmf»wwnt »»f h*«t (rism In tern- 
peroturo) higher than that at which diwiasialiun Wgimt, lb<(c*!!n»|H«4thTO 
wUl cease when the carlwruo anhydritln evulvml pr«»«ne« « m4s,lmum 
dissociation pressure oorr«8pofuling with «oh riii» in teiiii^eraturu. If 
the proaauro be inortawd by InoroMlag the quwitity ttf nm, tlwn wm* 
binatiou begins aftwh j if the prewar® hm diroinWwl d«wm|t€«iii« 
wiU reoommenoo. Deoompositioo in tbi» c»» i» »*»^ctly siinilw ^ 
evaporation) if the steam given off by wa|w!mtit»r» eanHot ita 

pressure will reimh a moximnua oom»poMdi«| with ikn fiven 
turo, and then evaporation will omse. Bbould stmm \» «thl«l it will 
be condensed in the lisjuid | if its quantity ^ diwinkhwl -»,». if the 
jpressure be lessened, the tempemture Wng eoiwtAnt—ihcn ovaprtmtioo 
. will go on. We shall aftorwardi dlteuM a«m fully th w«» ph wwin«» 
dlssooiatioD^ which were first discovered by Himri Hi. OWffi Ifevilla 
We will only remark that the product* of dwttipo«ifeion w-eomtiiiw 
with greater facility the nearer their ia to tlwt ai whloh 

dissociation begins, or, in other words, that th« initial tem|ipr*turf^ of 
dissociation is near to the initial tampemture of e«»biu»tl«»w. 

(&) m wyhmce qfm mmnt^ mi of tlwirWty In gwmral, 

on the progress of ferantfonna^ffiM is vnry rindlar t« tljo 

Influenoe of heat. The majority of wimponndi which ©*m*luofc 
tricity are decomposed by the notion of a galvanie enr^nt, and *» 
jthere is great similarity in the oonditioM nndir whleh 
and combination proceed, eombinaaoii erfton under ilm In- 

fluence of electricity. Bleotrisity, like hmi, mmi \m mm 

pec^ar form of molecular moyoo, and aU that «f#« to <rf 

heat also refers to the phenomena prodn^ hj A# aetiofi cjI m 
.taWed 0 ..™,, with tu. dIBtemt,, cl, *», , m, t» 

separated into its component parts with much pm^ 
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since the process goes on at the ordinary temperature. The most 
stable compounds may bo decomposed by this means, and a most im¬ 
portant foot is then observed—namely, that the component parts- 
appear at the different polos of electrodes by which the current passes 
through the substance. Those substances which appear at the positive, 
pole (anode) are called * elcctro-nogativo,' and those which appear at 
the negative polo (cathode, that in connection with tho zinc of an 
ordinary galvanic battery) are colled * oloctro-positive.’ Tho majority 
of non-motallic clomonts, such os chlorine, oxygen, &o., and also acids 
and substances analogous to them, belong to the first group, whUst the 
motals, hydrogen, and analogous products of decomposition appear 
at tho negative polo. Chemistry is indebted to the decomposition of 
compounds by the electric current for many most important discoveries. 
Many elements have been discovered by this method, tho most im¬ 
portant being potassium and sodium. Lavoisier and tho chemists of 
his time wore not able to decompose the oxygen compounds of these 
metals, but Davy showed that they might bo decomposed by an 
oloctric current, the motals sodium and potassium appearing at the 
negative polo. Now that tho dynamo gives tho possibility of pro¬ 
ducing an oloctric current by tho combustion of fuel, this method of 
Sir II. Davy is advantagoously employed for obtaining motals, &c. op 
a largo scale, for instanoo, sodium from fused caustic soda or ohlorino 
from solutions of stilt. 

(c) Certain unstable compounds are also decomposed by the action 
qf light. Photography is based on tliia property in certain substances 
(for instance, in tho salts of silver). Tho mechanical energy of those 
vibrations which dotormino tho phenomena of light is very small, and 
therefore only oertaih, and these generally unstable, oompounda can be 
decomposed by light—-at least under ordinary cirpumstanoea. But 
there is one class of chemical phenomena dependent on the ocrion ol 
light which forms as yet an unsolved problem in chemistry—those are 
tho prooeshi's accumjilUluHl in plants undnr tho influence of light 
Iloro there tako place most unexpected dcconipoHiiiouH au<l tmmbina* 
tions, wliicli aro often unattainable by artifloial moans. For instanoo, 
carbonic anhydride, which is to atablo under tho inlluonco of boat and 
oloctrioity, is doooroposod and evolves oxygon in plant* under the 
influenoe of light. In other cases, light decomposes unstable com¬ 
pounds, such as are usually easily dceom|««'d by boat and other 
agents. Chlorine combines with hydrogen under tlio infliuenoo ol 
light, which shows tliat combination, as well aa decomposition, ewa 

be determined by its notion, as was Ukewbe the mm with hMit ami 

(^ectricity. 
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(d!) Mechmkid omm exert, like the fow^golng s^wta, 
both on the procoea of oheraical combiimtion luicl of {|mwi|>o«iUoa. 
Mojay Bubstanoes aro dooompoadd by friction or by a b}«»w-.«, fop 
example, tlio compound called iodide of nitntgon (which if of 

iodine, nitrogen, and hydrogen), and lilvor fuhninat<\ Mwhaiuedi 
friction oauBOS sulphur to bam at the expense of the o^ygrn ror»tidw*d 
in potassium chlorate. Prosaure affects Imth the phyiiimi and rhendead 
state of the reacting subatanctw, and, together with the torsi|wmtMre, 
determines tho atato of a substaneo. This is jwrticukrly evidesit when 
tho subatancQ occurs in olaatio'gfttocmij form rImco the volumti* and 
hence also tlio number of pointi of encounter betwuen th** 
substances is greatly alterod by a cljange of piwsure. Thtm, untler 
equal conditions of tempmtur®, hydrogen whw compmsml mta iw«ng 
powerfully upon iodine and on tho solufeioM tif riMuni 

(fl) Besides tho wrious oonditioni which have Wn iif»utoPra.tBtl 
above, tho progress of chemical roactit»ni is owloratwl or f»tiiird«i by 
tho condition qf wniaot in whioh the moting cuvur Cnh«f 

conditions remaining eouitaat^ th® rati of pit^rtta of a ehptnieal p«- 
ootion is aooelerated by increindag thanumbwr of point* of wnt«cC It 
will be enough to point out the fact that sulpiiurie acid dt»i n»»t #t«irb 
ethylene under ordinat 7 oonditloas of eontect» but only aft«*r «». 
tinued shaking, by which means the riurob#r of point* of »nwt»*?t k 
greatly increased. To ensure complete action twtwwii it k 

necessary to reduce them to very fine powder and t« mix tliew m 
thoroughly os possible. M. Spring, y»t Be)|kn ehewlit, has thowa 
that finely powdered solids whioh do not nmi m wh oriier at the 
ordinary temperature may do so under an inerted piw^upo. Tl»u», 
under a pressure of 6,000 atenosphen^ eulphur »»bio» with many 
metals at tlie ordinary temperature, and mixtur« of tho |»w«t«r« of 
many metals form alloys. It is rrideat that an l«or«i In the oubiImw 
of points or surfaces murt b® r^rded Oi tht obirf »t»B pwltteitif 
reaction, whioh is dtmWefii aoioni^i^ la m la liqukia and 
gosei, hv rirtne of aaiakraid morion d the ^rriol^ whteh mothw, 
although in different degrees aad^loms, roust «itt in all ih# mm of 
matter. It is very koportwit to* direct attoarioo to ihai it» 

^internal morion or eondirion of the parti of too pft rtiglw d pwltot* 
must bo diflferent on the surfaee of a saktow from what It i» Inskto j 
heoauae in the interior df a substonci riroikr partfelti art artitw « 
all sides of every parride, whUst at the m 

only. Therefore, the condition of a substoaoB at Ito suf fwfi d owtod 
with other subatanoes must be more or lem modified by thorn-It may 
be in a manner similar to that caused by an devation of teropwatori 
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iThese ooneidomtibna throw some light on the ocftion In tho large class 
of contact roactiom j that isi such as appear to proceed from the mere 
presence (contact) of certain special substanoca Poro^s or powdery 
subatanoea are very prone to act in this way, especially spongy 
platinum and charcoal. For example, sulphn^ifoua anhydride does not 
combine directly with oxygen, but this reaction takes plaoo in tho 
prosenoo of spongy platinum.®** 

Tho above general and introductory chemical conceptions cannot bo 
thoroughly grasped in their true sense without a knowledge of the 
particular foots of chemistry to which we sholl now turn our attention* 
It was, however, absolutely necessary to become acquainted on the 
very threshold with such fundamental principles oa tho laws of the 
indestruotibiUty of matter and of tho oonserwation of energy, since it is 
only by their aooeptanoo, and under their direction and influence, that 
the examinatiem of {^articular facta can give practical and fruitful results. 

Oootsoi phonomooa ojro scpoiratoly oooslSsred in dsWl tn the work of Prolossot 
KonovnJo/I (ISM). In my opinion, it ipuat bo hold fchnt bho btobo of tho intmtol motiouR 
of tho Atoms In molcSSUlos is modldod At tho points ol oontoot of BabstanDOs, and this 
elftto dotomlnaa ohotnlotd WAOtions, and Iboroforo, that roaotlona of ooinbinatlon, da* 
oomposlUon, and immrngoaient oro oooompliBliod by oonUvot. Ihofossor Konovolofl 
ehowsd that a number of substanoes, tmdw oartain oondltlooe of ihair euxfaoas, oat by 
oontoot I for instanoe, flooly diviOod allicw. (from the hydrata] just llko platinum., 
daoomposing oartain oompound athora. 4s raaotions aro only aocompUshad under oIom 
oontoot, it Is probable that thosa modidoations In tha distribution of the atoms in mole- 
oulas whiah aoma about by oontaot pbsnomona praparo tha way for tham. Dy this tha 
rdki of Qontaat phanomana is oonatderably ertandad. Suah phmmana should aicplaln 
tho foot why a mlxtara of bydrogan and oxygmi yialda wat^ (oKplodaa) at dlQiarant 
tamparoturas, aaoording to tha kind of baotad subetanoa wbioh t^axmmits this twoparo* 
Ituo. m ahemiaal meahaaios, phaaom«m of this kind hava great importonpo, bat os y«4 
lhay hava baCn but Ilttlo etadM It moat not ba fMrgottao that oontoot la a oaaeaaoiy 
«ondltlo& for every ahomiool raaotico. 
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CHAPTER I 

OH WATER Am Iff 


Water k found almwt ©vtrywhwt in nAtirt, Mid in all ttiww ^yAiJl 
atatos. A® vapour, watw oooort in Hit 4twc*|^r% 4i»4 In Ijhis tar® 
it is diitributed over «lir« wrfi* of Tfcii vai^ar 

water In oondenilag, by wliag, fomai tnow, win, toll, <l»w, at«l fejf. 
Qne oubio Witro (or 1,000,OM mUn m i,WII Uiim^ w 

35*310 cubic foet) of air can wntaia at O’* Gfil| 4 i gmai# of Wikter, a| 
20° about 17*0 grama, at 40* about ftO’T paw j INil iir 

oontodna about 60 par wok of ^ Air mtialtiti^ 

than 40 per cant, k f«lt to ba dry, whIM air which twililiii ww® thw 
80 par oeni of the eame maaElmum ia m iknp,* 

Water in the liquid itate, in laUlAf m rain M>d tiilo 


> In pmltM, the d^emiel hue tc ted «fth M4 pM mm 

ooUeeted over weters in whteh mm a ««rtato «am^ ^ wMw pMu* to«« w^mm, mA 
thie vnpow mixes with the piw. It to thwefcM MMt iiwA ^ b» 

to oalmlnte the ataotmt ot witoii 'm d tmmwn m. mtr 0m4 «caM' tM m 

imaifine n eyUndmr to a »wmf hath, Md iM w|^ » Ifarf <iprtaR« 

eqnola v, tomperetiM »»a preemre w Mte A mm. ik MiteiiMM mt ite mAmmu ^ 
mwotmryftt0«). WewiUlntiroeBMwatwriatetha^ltoterte 

pert remnine ta the liquid eUte, end iM Hm p# wltt h« mwnimit wM 

aquooM vRpoM} the wlome of the gw wiU Ihwe ftt »tw^ f «»lllj‘ rf >mAm he 

Ukon eome of the gee will he diMolred to it, end th« VirfBWi mf 

We will further euppoM Umt, the ed®M« id wetel, tlw l^piwilwfw rnmitim 

ooBetenlj to etoeethe fdlttBa«to«meM,lhi«wM|ftolh««|^fcto^*rt 

theprMeureiuiweUMlhevdttflMtotoMMA la te twi^hufe# 

we wm tomiM m wmm «i4 wa«M ^ f^mm a» ^ «^| 

votoM-t»,r ®hra th« pMMWNi m Mon wffl hi pmter thM A h ♦/. 

^toelhal^thetotitcduetod equMwe wfewr m, p«w«f»©f 

Xim teee^^ee ct Seitoa, ud S^bmII riae*»d tot Ifct* to «f Md 

‘!1j k wmm wh^ to wo]^ to to af iwm wfow id to #l 

which to obMWfttloft to mete .Ito mMimn mmmm fa> «& be 

found to (he toblee nmde fcem ohMrratoi m to df ««*«» *»»«#. Ti# 

thnet to mtofanm toMto ©f a^mom t^pow Wi «l aU ^ 
S2S511 f to »T^ to to torn ^ ^ to M 

of moirtgM,Mtimited«lthir^ow^itotorap(^«r*a+^^ »» ■srttew* o to 

m under o premoM h+/ 00001^^ ttm 1 W» Urn, a vtoto ^|. to 



volumo oooupjod by the aqueous vapour under the proisuro A+/ equals w- 


vh 

A+/’ 


or 


Tbue the voluxnoa of the dry gae and of the moisture which ooours In It, at a 

pressure h-¥/, are m tho ratio /: h. And, Utoroforo, if Uio aqueous vapour saturates a 
epao© at a proaauro n, tho volumes of tho dry air and of tlia moisture which is eontalnod 
In it ora in tho nitio n-/: f, whore / is tho pressure of tho vapour aooonling to the 
tables of waponr tension. Thus, U ft volume N of ft gas sftturated with moisture 
bo moftsurod at a prosBure II, then the velum© of tb® gfts, when dry, will b© equal to 


N In foot, the ontiro volume N must bo to tho volumo of dry gas » as H is to 

Jtt 

n~/i thoroforo, N !«»H:H-/, from which «»nS^. Under any other preoBore-- 


for tastaaoe, 700 mm.—th© volume of dry gas will bo or 5^, and wo thus obtain 

tho following praotloal ruJ© s If a volume of a gas saturated with otiuoous vapour bo 
moasurod at a pressure H mm., then the volume of dry gas oontolnod In' it will be 
obtained by finding the volume oorrosponding to th© pressor© H, less the pressure due 
to tho aqueous vapour at the temperature obsorvod, Por example, 87‘6 oublo oenti* 
motrim of iiir natunilcd with aqueous vapour wore measured at a temperature of 16'8®, 
and under a pnsuBuro of 747’0 mm. of moreury (at 0*^). What will he tho volumo. of dry 
gas at 0“ and 7lH) mn>. ? 

The proBsuro of aqueous vapour oorrosponding to 16'8“ Is equal to la'O nnn., and 

Ihereforo tlie volume of dry gas at Ig’fl® and 747’fl mm. Is equal to 07 5 s ? l at 

7470 

760 Dwn, It will be equal lo07'6K?^?^i, and at 0« the volume of dry ga« will be 

87’6 X H —H®— - 04'01 0.0, 

W a78+16-0 

From this rule may also be oaloulated what fraction of a volumo of go* la oeoupuxl by 
moisture under the ordinary presoure at different temperatures i for insUnoe, at 80® C 
^■iDl'8, oonsequently ICO volumee of ft moist gas or air, at 760 mm., contain a volume of 

aqueous vftpour 100 s or i'llO j it is also found that at O'* there is eontained 

O'ei p.o. by volume, at 10® 1‘81 p.©., at 30** 3'80 p.a, and ai 60^ up to 13*11 p.o. From 
ihis it may bo Judged how groat a» omr might be mad© in the measurranent of ga»M 
by volume if tho moisture wore not tohon into eoniideraUen. From thle it is alto 
evident how groat are the variations In volume of the atmosphere when it lows or gains 
aqueous vapour, which again explains a number of atmoBpherio phonomona (winds, 
variation of i>roHHur<>, rainfallH, titonmi, tVc.) 

If a goa in not Paluratcd, tlu\n it is iuduqumBahlo that llu> of mmnturo chould 

b© known In order to dotenuUui tho volumo t.f dry goa from tho vi.lunio of nmint Kim. 
Tlie prooodlng ratio glvoa th© maximum quantity of water winch can ho hold m a gim, 
and the degree of moisture tliowa what fraction of this roasimum quantity occurs m a 
given oftBO, when tlm vapour dtxis not aalurata the apace (oseupiod hy th» gas. €cmi«. 
quoatly, If the degree of meiatura equals W p.o,—that in, half lh« then th* 

volume of dry goe at 760 mm. i# equal to Uie volum© of dry gas at 7»u mm. tBulU|d}ftd by 

hz^f , or, in geueral, by whir© r is the dagr#© sf moisture- Thus, If It ie 

requircKl to measure the volumo of a rriwBl gaa, it must either be thoroughly dried Wf 
quite ftftturatod with molature, or el»e tlie degree of moisture detwroterf. The Awl and 
tael methods ore tneosvealent, and thorefow reeouroe is usually had to the F» 

Ihk pmrpeoe wat^ (a Inbrodaood into the eylindiv holding the ps to b« I il (o 
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contain from 40 to 80 por o«nt of waltr by wdght, Anlmtli ecia^ 
about the same amount of w»^. In & tftMd stat«. water ap^» 


loft (or R oevtfvin ttmo w tUal th® p« 

that ft portion of tbe wftte In » U^aii »!*««; «»» «»• 'rol»w» «4 ^ 

(«doknninwl, from wWeh tt»Rl ol «» Ary p« te «aimlfcte4. te k* i»4 
wiiffiif ^ the ftf M« 0 M 8 vfipcittr b a pa Sll« to k»t»» ^ «*isiii «4 » 

BjOMvire nt 0® and WO mm. Knowtof o*« «We «skw«tf» »•! «r to ilnw* eif«4». 
«iano «8 welgba O’OOltOO gram, «*a Aai ot i« sm, »# Sal 

tbftt on« ouble oonUmstw of mmm mp»r »! r «a fm •» w»i#» «*»» 

Rud ftt ft temperfttow I® m 4 pr#wrw» > lb« «%bl 4 mnUmmiitm «« !N> 

0'0009h Wo te0w ^ « »48«» 4 4 «» a4 4 P 

pressure h oonlftin ^ ^ of ai|ttiOM »i«n^ Hi, tte 

trelgbk of the equMne r&pmr heW l» ® vet»»w 4 a f»* wffl te 

Aocordbi^y,ttw wl^lof wRtssf wWttii b«#*©!»»*4 

only on IJi® tMopemtmci lund »«l w th« ptmmm. fhte nfa» Art 

tJon proeeeds to the »ft«e wlwt to eii« to » «, to mm» fifeto hi 

VaUon'i biwj, vapoun m 4 pm 4 ISwto tote mi rtAw m If tote % **««» l« * ^mn 
epftoe, at r given tempfratori, a mmtkM «l tf^ww mim% te te 

presam of the |m fllUni theA epaM. 

From this It ti deer that tt 4 Mtalwrfl to a mimm 

of ft gae be tooiim, it ta eaigr to detemiM the Ai^w# 4 ****€»§ **** a 

On thle ie foemded tee wy «»«t 4 lk» *4 mmrnrn 4 

ftit by the weight of water eontatoed to ft gif«i »dta#. Il fe to wRl#y*i« 
tl\o prewding (otmttk tee nomtoMf of ffMM 4 rmtet Mftete»4 at itt»f p««fw» fa *m. 
eubio metre or million enbto eeaUmefem 4 ahr wNawM at»«%»«« 

tttrea; for toatenee, at W® fm$t% Umeigmm 

The Uwe of Mftriotto, Odten, and wbtob m» b«» affiM to lurfl 

vaponra, me net entirely exaei, bnt ft» i^prwrtwrtriy Wm. II lt»f mmm f »lto 
ft mixture of aevenJi Uqalda, heeing ft mtoto wp« mmM ftw ft 

very high preaauw, white Ie not m mm. la to* As 4 il 

ellghtly leaa In » gw teen to a fftowm, iwd tee 4 «|8»twi fa ft pwi 

is riightly leas teaa It should be awordljjf to lltJten’i k», m «hmi te«»B l»f te* 
menta of Bepeult end otemre. Wt m««a teat te* tmte 4 ^ t* h«» to air 
teen to ft eftouum. Wi* difitorwiee A*, bswefw, I » 4 ^ taUI 

preainre of the vftpom wfctal ^mn to ife» i»l» 

mixture^ iirt'^aw, rtte«i#» amna, tetWI* ite* te« * ftif«4f. w 
amte^fft-'lwgfeWBgii^f l« tM fa A* vm 

theto'^^i aton eontftet (aee jwe^tof tetertil, w to te# m^m» «l te# 

fttoma>to the mdeenlea) and temtetet alao a. etep to te« rf ifc* 
teemeelvaik 


_ln tee nnuronn totermhrture d fthrand ^b«rfu«ft wfte ^ to tee 

eapndty of watw to p«a Into ’vaBour Mid tan» a ndtow wirtw «to, •• 
perceive ft« ioatim^ of ft p^oftl ]^«M»w«i wMte U ftsd^wi to ^ 

^teddwftlr teere wdete ft tod of attni^ftrh»tte toAi 
to But ante ft homogea^ mlxtee t« «mA «f m v^m 4 

tee gM to white avftpomtkmtatoiphiefti mm to % nmm ^ mmm M 

Mimtly Urn «uM ^ M to ft giu^ teftitim ft to te« d teit p«^ 

rtotten to water, hot the i^opet^ of tee water featef, wMi H |« siM 
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08 anovr, too, or In on intermodiato form botwoon those two, vhioli 
is seen on mountains covered with perpetual snow. The water of 
rivers,* springs, oceans and seas, lakes, and weUt oontatns variomi 

Shoirefore bi thJs mm oliomiod affliiity t» not jrel opemtive-^t leatt tto e^iion is ool 
obuurlfproAOuaoed. That U do«a howovar. pUcp ft ftwkia port i« »#ftn Irom the deviftUea 
Crwn Daltoa'e law. 

* la fftUiag U»K)ugh the fttmoapbewv, water diseolve* the gaM» of the atmotphor®, 
cJInrilo add, ammonia, orgaaio oom],)oande, aolie of aodium, magaadom, aad oahtima, aad 
mochonioaUy wasluiH out a xahtura of dost and ndorotm whkh are saapondad b 
atmoephoro. Tim amount of those and oairtab other oonstitcMista is 'miey varifthle. £vwi 
b tho baghmlag and and of the aaxaa ndniaU ft vftdfttbn whieh b ohMi varyaMddatftys 
naay ha ramarkad. Thus, for exompla, Bunsaa found that rab adPbatad el th« 
of a shower aontobad S'? gnuos of ammotdft par aubla imtra, whflst that aoUeotad at tihe 
and of the sama shower oontalaad only O'St gram. The water of the anUra ahowar eoa* 
tobad an average of X'47 gram of ammonia par odda metre. Xn the ooursa of a ymn 
rab suppUaa an aora of ground with os modh as ^ Hba dt nitrogwi b a. oombbad fom. 
Bbruhand found b <ma aubb metre of enow water IS‘08, and b ona ooblo metre dt mb 
water I0'07i grams of sodium suiphato. Angus Smith showed that alteir a thlrlf boum^ 
fall at Manohastar the rab atiU eontebed S4’S grams dt aalte per auhb metre. A eoa« 
aldorahla amount of organie matter, namely JUS grams per ^be metre, has Wfta lom*4 
b rab water. The total amonnt of solid matter b rab waAm' readbeB SO grama pet 
cnbio metre. Itab water g^wally oontabs very litUe eorbcmie ootd, whlM rivet 
water oontabs a ctmsiderable quantity of it. In oonslderbg the nourkhment of 
plants it is nooessary to keep b view the eubstanoes which am carried bio the aoU 
by rab. 

JMesv toator, wboh is eooumulated from springs end souroes fed by atmMphmrto 
water, contains from 60 to l,dOO parte by wei|dtt of aalts b i/MXbOOO psirte. Theamomtl 
di solid matter, per 1,000,000 parte welgbi, contained b the dhief rivwa ts «e 
follows t —Uio Don 1S4, the Iicdiu 186, the di. Laimaoe 170, tbs Bhone lOi, teie DaiigMie 
167, the Danube from 117 to 884, the Bhbe frmn 166 to 617, the Sebe from 100 to 4i4 
the Thames at London from 400 to 460, b its uppw parte IW, wad b tte kwer parte t# 
to 1,817, Urn Kile 1,660, be Jmrdan 1,068. The Neva is charaetetteed by the rsmiimhlgi* 
small amount of solid matter It eonteina. Fmn the bves^aBomi of Prof. G. E. Tra$f^ 
a onbio metre of Neva vmim oontabs iS grams of beorndmatibe wnd 99 puma of 
ocgabo matter, or oltogethiar obwit 66 grams. Shh is one dF ifaMS portel watam wM«h kt 
known b Hvers. large mount df ImpurlttM b river wat«r,s»d MpodaUy of o^^sslo 
impurity pmduoed by poUiteidawib putrid maMa^ malm tho water dtmsc^dNwte^ 
for nee. 

Tbe obef port of the soluble aubeloncM b rlvisr water oondtes d( be cobimen ealto. 
LOO {)atte of the solid rtwiclucs cnntaln Uie fdJmHng amounts of oaldum earboMAe-** 
from Uto water of Uio bare 68, from Uic TliotnM about 60, Uie Elbe 66, the Vidtda M„ 
tho l>a^lul^o 68, tlu> liliine fn»ra 88 to 78, Uw 78, the iilwmc from u> 04.. The 

Neva contetns 40 i>arts »f wldum oMbuMte p«r 100 tMte di mIum matter TUo otm* 
dderftblc amount of eaklum rorbonate whidi river water ccmtelns l« wy Mdly oxiAalMd 
from the fact that water whidi cootatiu corbcmie add b eoloik» mM\y dtawdvM (wlAus 
oarbonate, wUkdi. OMun oU over the earth. IMde* cdbtttm lewlKmato and Miphotifti 
river water contebs magnttrium, niUoo, ohbrbe, sodium, pcttat^um, aluniiam, 
iron and monpmMO. O^pimenoeof Miteuf («hti>«plw>riea^t»Mtwtyirikb»HiMi«mba4 
with exaoUttwie for alt rivera, but the {WMceMcd nitmtes bm bMU pmmA with ewtftb^ 
b almost all kuwk b w*U-lnvwUgat«i iiv«r water. *£he qwttttty <4 j^a^hot® 

docs not oso««h 1 O'4 gram In ilrn water of dm l>nlcp«r, and tlw Dew d«g« Kdewatoia BMO 
Uiftn C arani«. Tl>« water of Ut« Hcmoewliittwa^tlifraBWd! A«A«{ 

Bheoe shout a grama. “ITte omoonl <4 awm4mb te kwi*; thus te thi swtwr rt* ^ 

fihbftabdatO’6gimbdtiM,andM«mmbCMob«rt tte wsAitdfikwSeiMiwt^ 
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sobataaoea lo solutfon i&ll,- that @nl>#t4nr« 

ooramon table aalt In thbijr pb|»itml pn»|»rtSM aiut rhisf rWfyi^ 
tranaformationa. Further, th» an*! twiun- ..f mim 

differ in difforont wnt«r«,* Everjd««!>' that ant 


Uie 6Ma« Maouat. TW* ia ttoin in mw »*l«f N' 5<»)U.»u-‘.4--.4 
UWftnUty, Ui« wate <4 tt» Khkw wlafh r..-l «>-• «!? Usga a s i.r.r*,! 

ktlogtmi ol bifl die twa-wwir *lay t3 »u 1!' o ar„ imi .4 

(Upmoak la rda and rlw water **ii A« tSi.»5 ». . v ? •.«’» nt# 

r«Jn water paitM* te aW® k> r«4»i» ih» acw«4#. if> U ►«« *)»•' i^' !•.&• i ■ «sA»- 

tfUinooM, «ueh ft« phcwliorio «'i>t, i,**>te*wwsi »5««. .?*• s 

Tho waters <4 sprwgf. riv»r*», wells, a«|iI lr» -'I ■«•« S * al.s.e® It- »•( «fi, h a la 

Iftkeu toe tlriiikitijf purpt*#®*, l*» u»i«rt'>«s t..> b**;u> 4 «s . ?. t£-uu« 

pollution, tho HlOni « m in water tlsn l.i»ef i ?1 a. Us.a, t >*? taj.. 

develop, ftiitl these orgMilMne oiten mnv ».® ib* »’*ru.®#» <■» ! „.5f "Ss -aa 4 

For instenw, eerteto ^thi^Mite !-*.u»a &rc &-. -mn «.-• i-t-Anm 

the Siborka pkfae, ttftd Tla*fci»b» a-ri • l I * 5 ?* u. Mrs. 

Ko«h, aad masy othw*, wto provtow ol r«*«sli Is*# rAa«l« w4«» Ut»i >. %« »» I» b» 

pMsiblo to InvwUpte ibii aumbw «i4 pf« 5S.» sen..® u. was»j n, i*.5srs,* 

logieal tesearohes a gektlrums i«» wl-.‘„-lj sl-,« ■*.« • i' t if ** 

proporetl with goiatltt aM wstet, whj«h ti« pr»»tei*4| Iwi* »u-voi» a| 

totetvaJfiiU) UW*(it is thus Wirf«r»4te te iii« gstSia .u ts m« 

The wfttes to be lav^Ugatri l» »4W fa i&i« pf«|»A#«»l »swts«» ? t.i a •!. ^ --.*.a % tr.»u 

quMtlty (eomeUiM# dUated «Uh «»tef to Waitete ii« .iIaij « - f «ii* 

atttaber ot germs), It lii s«»teel«d hMB da»4 (»bi.-h «*<*»«# tfcu..*-, as. l .i !.>fs «,< 
until whole lamillw of Iwrw orfMU«a» «» jtet#!..|'»l tivm g»rs.« 

(ooloaies) are vlelble to the imk^ «y» (m ^rt«|. is^j t» ai,.i i ? «»a>»in,ifi 4 

them unaer the mleroMope and tAiwrrttig ih» huiMlw.! ,4 .s»s«»*»sss» sb< j i * 4-4. <•. «*«>»# 
eJgftifioftnoe may be determined. The omJorUy «4 Wtem 

fleoldedly pathogenb baoteria, wknia jwww i» om «4 th*«««»« . l »4a!».Sf .m^.j .,} rti« 
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»pt«ad o! mim Tm »iimWr «4 hmum m ^ r. 

eometijfflea attain# tbe Immwee fifarwi n( hnniirwle 4 ih^^mvvU «»4 (‘c^aift 

well, spring, and rivet water# ecutein v^ry l«w «t ,4 ai* f»®« ti- m 

prodttolng ivaeterk undw ordbrnry nim»in»te«»* liy te-a»r -4 w^ut, ai.® «, ,i 

sure billed, but the organlo matter f«tt tWr »*. «,« *ai»f 

The beat bLinde ol water for drlnklni 4t» ».4 b»- 4 » lis*rt a»jw |j«|.« Imm iB 

0 oubio oontimetre. 

Tlw amomit of gai«# dissolvwt In nvM water te mmh c *,»**►»« 6l»ts shat *4 «• 
solid eonalitttont#. One Uto,«w l,tl« o,o, »4 water w i.. »» «.. -I 

at normal tamperatube and prewtor*. 1» wtater il*» »«*t*i4»sS !*| lliaSi in 

s^or or autumn. AMumteg that a Ute« m»mm fci »• ^4 $**»<>. h »»«? 
that theft# oon»i#t, m m av«mp,d 10 «d». d nilts**.** *^. 4 * .4 ,-*. 1 ,. t.*. 

(prooeedlag to Wwllhooa from lh» »« «*# « tfe# m «-U 

of osygea. If the total amount of p#« Uhmikm 

the same prop^on} In many mm, howwr, »rW«« Mtoy4ti4«i pf»l. Th« 

water of many dwp and rapid riw» oontetea Iw ewteira# «fey4»s*K ^lUa, at, A^tt 

ropid formatloa from a^pherte water, and toai ti«t» »*,! 4 w*«ii • 

0 oarbo nto f^hyMdft, Itt e,o, «{ nitr^WB, and 1 ee t4 |»f isit, r»..»n A» 

Jtlto«tto and tot impU*. it mTn* .UMmu,g ih* 

S f Hell®/ ^ 1*^ ««i«- 

tion of the dlBSolved gams, mon «pe«te«y «*»«>, ^ * 

SyjHtrp water Is formed from rato water purwdatiM tor«»«fe ^ a 

.rtof u.. I. ...pomuo di«.u, i™ i; 
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fresh, Iron, md other water*. The pr^enoe of aboat $| per oeufe, 


vogotftUon on It. It has b®®a »Wwb VbAt oat ol 100 mAm telUag ®a tb« m*^ 

only 00 parfcn flow to tb® ofioan; the remalaiag 04 ar® emporaWi, or p«r«ok*e tm a»A«r. 
ground. Affcar flowing undorgrouad aJoag M«a® top«nricm* strata, water ©«a#@ o«t al 
the euriaoe In msny plaoe# m springn, wboeo tempwatar® !• determined by the deiptib 
bom whloh the water baa flow^. Springe penebaSng to * groat depth may b#wn@ 
aoneiderably heated, and Uiie 1» why hot rainwai «|>rlag«, with a temperature of up te 
80® and higher, are often met with. When a aprlag water oontelaa sobateno#® wbWb 
endow it with a peculiar taate, aud eBpeeklly if Ihiwe rob#tejao« ar® eneh ae aw only 
found in minnte quantities In river and other flowing water®, then the eprinf water I* 
termed a miiwral water. Many each waters are Mftpkywd for medlelftaJ psa^iwtea. 
Mineral waters are olassod aeoordlng to teobr eonpoaltton tote—•(*) tedto# watoi, wbJ^ 
often oontain a large omoont of eommon saltf (6) aOmdtot ws^ow, whWh oflwteio eodtan 
oarbonate; (o) bitter waters, wWcto oontain maffoteto j (d) ehalybtete waters, whioh hoM 
iron carbonate la solution j (e) afeated watere, wWah aw rieh to eajrbonia anhydride i 
(/) sulphuretted waters, whieh oontain hydrogen snlphlde. Sutphoretted waters maiy be 
rsoognieed by their emell of rotten end by their firing a blaok preelpitate with tead 
salts, and also by their tarnlehing vUver objeets. ASra^ waters, which eonteto m 
exoess of oarbonio anhydride, aOmrmtm to the air, have a sharp taste, and reddm Mtmn* 
paper. Saline waters kave a large residue of soluble eobd roattwr on evapmrattoB, and 
have a salt taste. Chalybeate watm® have an Inky teste, and aw ootoowd btodk by an 
(nfusLon of golle; ou being exiHwri to the air they usually ^ve a brown pwtti|;4tatei. 
OouonUly, tlio olmnwiter of mineral water* la mired. In th« table babrw the anaJyaw 
are given of certain mineral springs wbloh are valued for their medlolnal properttea. 
The quantity of the substanoes is expressed to milUonths by weight. 



I. Rwrgieffsky, a sulphur water, (lov. of Baniara (twnp. ff* C.), «tealfsi» by Ckaat, 
n OoWanovtKkkya water aonroe Na 10, near I'attgi^ak, Caaewaas (temp 13 i'*}, anaif## 
by Frit»ob«. III. Alekeawlmflaky, aikaltne-salpbttr I’anf.wak (teiap. 4ft i"),, 

awaf# of analysM by Harman, Euito atwl Fritewho. IV Ik^ouninakaliq', 
souw, Na 17, Esaeatoukeh, Ca«««oe (temp. M 6"), analpia by friljwefe*. V. ttajitae 
water, SteraltuMi, 0«v. of Novgwtjtl, analyri* by Hriutea VL Water htm artft^n 
well ak tee (aobtry of state Ht. lVtet»bttli. by Btmv* Vll, 

CarW.ail (temp. Ba 7"). analyaw by Itentelitta VUL Kr»u«ti«#b sptag 

Prowta (tefnp. H'H"), analyws by lUupf IX. Kao ft» Itelta, Nae»ii«, a«ai|®*s by 

E. Vkhy watw, Fmnoe, amly^ by Itertkw and Itoty, El. 4» W0» 
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of salts rendors stMvwtiU'i** biftrr t«) iln* it4 

gravity. Fn»l» watur al«« amtAitsB »»!?«* I«ijf ..jily ju a r.»ni|iam* 
tivoly arnnU <iuantity. Tlu'ir pn’w'not may raajty | |.y BUiipjy 

evaporating water in a vrsad. t’n 

away oa vapour, whilst tho «Uw *»i*' l«’fi U--hufl 1 hi^ i s ^hy n rrunt 
(incrustation), oonmatingof »iaU«, pri'vt..u“.!y ns -.^duh-n, .^.1 
tho inside* of keltic* or Unhw, ttivi I'Ufr li '■'* •• ‘'>-r it 

boilod. Bunning water (rivora, Ar ) oj *-1. u.!-’ I «» w*i 'is: it« 

boing foniK'd from tho r<iUwtiou of rant waI. r ‘1*’^! .* *!.s mAv cho 
soil. Wlalo {Kwcolating, tlu* vs'ator i-rrPiio | >4 

Thus water wliirli filt-ers «ir paw'* tijroujih laliu*’ “S * -.t <«*■■«« 
bocomm ohargod with aalte or rontews feth-Huu rail- s. >.!«’ Mh.dk). 
Rain water and anow an* nmrh pur«»f than riv*'r >'t rsog W4i«r 
Nevertholost, in pwing through theatitt«plsprE\ nt.uw’id ay.v^wj 

In catching the dust hold in it, and diwlvo str. win- h m l.-.sii.l in overy 
water. Tho diwoh'rtl gMM« of the rtt!ii>«sphini' i-afi'y 
as bubliloa from water on boating, and water after b<rt|| I'-'iiiSig h i|«ite 
freed from them. 

In general terms water to «lkxl puw when It ta olrat and frr« fr»>m 
imolublc particles bold In suiponisun and vwtl.ln n* ihn* nahrd i’)#*, frorn 


c iaai«r«nniklB« more ««t-w<l*Mte lW» it.« ss»iwJ ^sinli, ,.1 

(mh wtit«r. Thi« i» Mp}ato«4 by tlw t*»i th»4 Un® is.i. si» ««■* 

U with RJrtA whiW a larfB «ntft«Wy «i< wpaM l® gire« ••0 |■^.^« «l«i J 51m» 

OMk, tho oiklU romolu bohladl. E«#tt U» fwrtty »•! Wia«>« n«!a«» 

from that of pow wotor. It ta gewarailf alu.m I«, Wt i« il>»a *h4 »’.».■ >» .4 

tba ftmount of eaik (»otftJ*»d, mjw{4*# «*«»§«? Imss .n<fo»si4 ; .v.-umi «?. 1 itvm 

dtflomnt depths oHor rathw rstmukabb* v««4y<s»® Ii »ill I® 5. ..s.i 

that one eebio metre of water frwa bw ® ss-a f :i .wiKi 

quantity In prMaa of aolid KXWMlutenkis—tIuU <»l tW#*, w.lti, «!» 
fll,013i M&ditermvoan, near Cotta,B7,048', tJ»» aUwitta b«*, J 5 .. 

JPodflo Oeoaa from 85,383 to W.HW I» ««m whtah.ifi* . r 

in wry diglanl oo»iaJtmlM.tio», wsUi ll» tmmth to» •bfe'Wdww i* xlitas, «.» gtm»,he4 lljwa 
iho Oanplaa Boa eonlataa ft,8(W swma; the Ilkfh lUa at».4 ItaiWiS ®i4t 

tomm tho ohkf oonatitaant of th« mSJm maMm (4 m ti? rmmm **u ». 


metro of aoa water there wro SWte-il^ p«M *4 wUt, *tar%® *4 

magnoalum ©htaflde, l,teWr^ pa«« ef *•'}*•>■> «4 

oahdttm sulphate, and IMte pamA d pM^ow Ilia e#a*ll ®4 s»'*«aI ••! . tgAmyi' 

otatter and cl too oidte ©f phoiphwto wid ia m water I* wiiMufeoi-l* n-«, »ataif 
<too oompoidtlon of wWeh i« partWly dtae»e 4 in Chaptet S 
oolte of ootamcn oocumnoo, a.ocrteto mA .4 a» ».«.i 


eUffioata, «on gold and aUwr, and m tte m* of water *4 ti»* 
ihoee' traooo' of rare oubeteaew Moouat to terpi qawttWwi, m sli*t «i ta«i t- 
to time motood* will bolouadite wrtraet own gAIfnwi«» hf ,4 %hm 

riwra fonno a vaot roi^olr Im too ximmm$ prwlwte «4 «» oW- 

earths ourlaoo. ^ «c^ «f E^llah, tewrtoatt* (kiwwa, |4w*«i«l4, llwwdialt, *a4 
'Otter nayf^tort aud oboerwro pwm tote a My af too a mm 

only <^him nmoh to too ^ m\h% life, but te* git* to. f-?#. 

^yotooolteroaoar^cfdo. Matemaeftoo 8t.Pte»iitowg AmA^mid 6»4*.i'« 
pooiten to too oooan to too ate^ of oto« iw(a6i,p» to # fag^ w to to* dMfe, 
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which it may be freed by filtration through oharoOttl, MBad, or poroui 
^natural or artiflcial) «ton©i, and when it pwiasw a dwn fr^ 

It depends on the absence of any taatei, deoompodng organlo coattir, 
on the quantity of air * and atmospheric gases in solution, Mid on the 
presence of mineral substsnoea to the amount Of about SOO grams per 
ton (or 1000 kilograms per cubic metre, or, what is the same, 300 
milligrams to a kilogram or a litre of water), and of not more than 
100 grams of organic matter.^ Such water it aultahletor drinking and 

> Th3 tMte ot watat Is gIftaUy acp«»d#&t m cf dMM pM« (I tim>’ 

tftbB. These pees are given ©0 on bollJiag, aad H !• w«U toown «kwb whm mM, 
boUea water hw, until It ha» eJbeorbea pMOUe BuheWjaeM ftrom ti»« atoiaito«S^ quite a 
AiSwent taste from freeh water oontatsing a eensideraUe Mocuai of gaa Tb« dH^veA 
gaeeB, eepeoially ouygen aad etahouic auh^Arld©, have aa inportaai tetMoee m the 
health. The fohowlag Instanoekvery Instraotlve In tWBteBpeet. The OrwwUe wtesku 
weU at Parle, when first opened, enppUed a water whieb hii4 an tnjurdone effMt m m«a 
end anlmala It appeared that this water did not eonteln oxygen, and was In fenml 
very poor in gases. As soon ai It was made to fall in a easeade, by whieh it abeoiM air, 
it proved quite fit for oousumption. In long sea voyages water is som«lim«t ne4 
taken at all, or only taker! In a small quantity, beeauee It spoils by keeping, and beeomw! 
putrid from the organic matter It contains undergoing decompoeiUon. water may 

bo obtained dirootly from soa-wator by distillation. The (UBtllltHl water no longer oontelas 
sea salts, and Is therefore fit for oonsuBiptlon, hut it is very lastelm and ha* the pro. 
parties of boiled water. In order to render it palatable eertsin salts, whioh are nsuaUy held 
in fresh water, are added to it, and It is made to flow in tlilo stream# «poted to the al* 
In order that it may beoonm saturated wite the owipeneat parts of the almosphw#— 
that is, absorb gases. 

A Hard toattr is suob as oonteiut mucdi mineral matter, and t^MdaUy a larga pro* 
portion of oaloium salts. Bueh water, owing te the amount of lime it oontalnii, dte not 
form a laUior with soap, prevents vagetablM boiled in It Arom eoflwting pn^pwly, aud 
forms a large amount of Inerustatlon on vesMls in wbieb it is bolted. WhM ^ a h^ 
degree of hardness, it is tnjorloue for drinldhf putpoMi, whidb te evidMt from tee tee# 
that in several large oIUm the dealteirate has been found te deotmee inteodu^kg a 
eoft water in the place of a bard watet. JPutrM timter MmtabM a MAddemUe quautt^ 
of deooipposlng orgaate matter ckbiefiy vifttitete, but in pupodated diiM^MiAl]|' to 
towns, eUflfiy aubnal c«msl»a iueh wulwt aequtetM an naiii «m teito, 

wh!^ etchant bog water and tbe water ti ewteln w«^ to toteabIMi dtetetote art pMr> 
tieularly eWaoterlsed. Water of tW® ktod is espedaHy hajBtfiou® at a pwHod of 
It may bo partially purified by being passed through aliareoal, whieh reteio* lh« putrid 
and iiertftin nvganlo Rubstanoett, and alau eortaiu mineral Rubatanoesi. Turbid water 
ho purifiod to a certain extent by the addition of alam, whieh aids, after stendtng somii 
time, Um ionnatlon of a MHllment. Condy'e fluid (p«ite**Stim permanganate) la amdhw 
means of jmrifylng putrid water, A solutUm al this eul«laoo«», even If very dilute, i« cd 
a rod oohmr; on ad^ng It to a putrid water, the peamanfanato wldl^ and d^tewys lb« 
organlo matter. Whon added to water to sueb a quantity m to bapart to it an atiM^ 
ImparMpUbto rm§ eotonr it tetroys nuob of the orf^nie »«b«tenoM it wrtelM. SI to 
sspeolaUy salutary to add a maU quantity of Ooady's fluid ta impuw tndw to (toutuf 
apltlemlc. 

Thn priiseut^ to water of two gram par Utre, or l,flO0 gram pw mMo smIm, of aof 
uubstant'o whatw-tevor, rondors it nnfll and evwn injurious for by 

end this whether organto «r mineral matter ptvdmtoidw. Tha pWMM #1 t pfti it 
hblosidM makw water quite aall, and ymduMi tMnt te^iMi fli ^ 

psMwmof mafuwium salts tomoia «tt|AMa«ti bisto a 
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WtWCITOM Of 


©wry praetlodl applfoailttn, twi H l« tv* ptir« fa » 

wnm A ehummtil^ fmm I* w>i imlj •*4efili|@ 

purpow, m mt Imipppfsdent h* - in#{ «|r 4 iilto 

properitei, hut f«f many |ir»ri45M,l pnq»<«ri f.^r 4?»«t.»«'-«», in | 4 « 4 o* 
gwphy luad in tl»© pre|mralir»n «! «;»'»!»«•«»« IwvaHsr. luAisy nf^iwrii^ 
ot fttl»ti.ws« in scilulion aw c|»ni?«H| l*y ihf- i»|**4nis«» i»ta«4 
wtttewk Wftitr if »m!l| }i'ttri!lp>»l i|,« **41,1 

lubfteneMi inioktfon i-w nt%i trmmhmnr^l int». -.ts n* ifsi> pr^,»<?*«. 
Saoh dktiUmi wati^r w pf*»|»r'«'«l hf rh*'mmt9 au'i uj Ia?s.'..r'ai4.ric4 tty 
boilitig watfir tr* wotolltt? |*-.il«jri «»f sfslla. ««'i • ilw *i«m® 

protluml to into a e<»uslpn««rtt«l i% i ists-a ^»iurl» feli!>y|i| 

b© matte of tiiv, W, al aJI »v«nta, i ii» iris|H5rjii*«i 

do ttobaot ott tin) ittrroHiiiW hf eoy rnmimr, I» »s!>.i.!i ihw dir^fn, 
Wag ooelid, eofid«B« Into WAtor wbiel* Is ^ in « r«*ri»-er, 

By tbandlttg ©xj^jf^i to it» •tiMJWpliprsis, lirtw«t»f. ilw w«i«f m inat 
ftbiorbi air, and tluit mm«t| in ih» «ir. 4 « «.ti*fll|«i4«it, 

water r«tAin*j air, a. wrlaifi *4 it»|mritta 

(iipeoiidly orgaale) atftd tfe® willt irf tbedistillsu-'-n «| mm partly 

na4t ia tort, U *#» mJm H* to*»» A tat» ««>• .1**1.! .-I tl.lf'SfcM' i» t«slf 

(6«4 to k «mi| iminfUmkm lt»f m*i t«Sii.6 y»* «lj 

n^uito 

1 DIsWW WrtW l*t « 4 #iitete 1 l l* •,»»# H» « 

m«tol rtW mmh. mm Hmm% ««*ll *■»:« »* «« 4*1« 
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corroded by the water, and a portion, olthongh imall, of their subatanoo 
renders the water not entirely pure, and a reBidue is left on evaporation.* 
For certain physical and chemical researohw, hovrovor, it it nmemwy 
to have perfectly pure water. To obtain it, a solution of pofeMsium 
permanganate is added to distilled water until the whole is a light rem 
colour By this moans the organic matter in the water is dt*atrtjyrd 
(converted into gases or non-volatile substances). An excf'fis of potaa- 
siura permanganate does no harm, because in the next distillation it is 
loft behind in the distillation apparatus. The second distillation .nhoultl 
take place in a platinum retort with a platinum rooeiver. Platinum it 
a metal which is not acted on either by air or water, and therefore 
nothing passes from it into the water. The water obtained in the 
recoivor still oonhuns air. It must then bo boiled for a long time, and 
afterwards cooled in a vacuum under the reodverof an air pump. Pure 
water does not leave any residue on evaporation j do<i« not in the loMt 
change, however long it be kept j does not decompose Ilk© wattr only 

retort B) hciatoil by ft lamp. Fig. B illustratoB tUo main pftHi of tbs Oftts4 
laboratory apparatus used for disliUatlon. Tlio stoom imiuiiig from tho retort (ojn tb« 



ifJO. ntminstlon from n eb** rrtrirt, Ttw mwifc of i!i« rttort ou iris» the lonsr uih® of 
UetHg*!* riitul^tisur. 'Tlia sttsoB fHstweoti lUn Innw smi ouu»r tut*# trf tbm cimilrow |i (ISW wlib 
oeUl w«trr, whloU eatws by ttis tult^ p sjtal Sows out »l/. 

rlibt-lMwal skin) p«t8«i tlurough a, tuba Kurrmjnil«hl by a Is-i^er tab#, Ihraugb wWeb 
a Btrewn ©I coW water paww, by wWeb Urn !« cerKlwoMl wd maa talo a vm^*m 

(an Uro loft-band Ridu). 

• Orm of Lavolsior'a flrrt mamturs (1770) refemd to tbls H* * 

the fonimtiim nf tiro wrlliy reBuluo in U» dniliUia.ton of mt«r to «pd«r to pw« 

It WM 7*oiiB)liIo, M wu ftt^nnwl, to concert wata* into Munh, and be Iwod itoefc siw 
mWne WM prwlufrod by the aetkm tof water em »ldM «rf tb« owMataglk'Mnt 
oot toom th« mtor Itoelt. Beptcvid iJbto tobatoeMaelydliMliM^bl^ 
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OsoftdiitilU^ opimpuw*; md it tl»i ««t nf gm im h^tlag, 

Bor dtMSi it clwnKt* tbp wUw 4 # mduiurn t.f ^d.immmrn |wfmatiRw»l4 
WaU'P, imribwl m atiow 

IW iimtouc^. it is «4 «H>-h »Atrr raily ilwt oo# 
©ttbio otmtiwiiffe wwgbi «no g«m «i r t*. i #. it t# *.}sl| aurb pun 
water wh«» ipecific gravity ttiiwla I «4 4 ‘ t *.* Water m * te,|i4 «l*ti 
’ Taking Iko pi»wf»iSy-»«^|»!tel gmmiif . f *% H. ■ 14 . 

^ sal4s»wl4 hj U®«%l ila® m 


tew{»r#Uit>«i« M h4U«w«. 

At tr* . . , 

0 

Al 

. . e iwif-f 

„ + 10’ . 


1 M 


« l&-' . . . 

p wili 

1 te"" 

timmXf 

„ W' . . . 

a mm 

1 «, |iW 

0 »S.aiit 


A «»wp4ria(« (4 ail ti* 4«4«i a* ot^mst i&*4 «rf 

«p«ifte gravity ftr with iJta I t-| «** l|rt 4 »te.*w#^wi 

may bt wipwwftd (M«wM4»® Wtl bf ti«ri**sla 

H. « l » 

” jkt »(njstut - 01 * 



t""»t 


t.ttolj • 

X mo.Mil 
l.wi.Wt 
XnHMH 
I olt.^ 

I «-|S .}»4 

l,}»>jU 


H tkB b# \f ik»* mXUmXkmi 

between 0** wwi 100 are *l(|UU|' kiw Ham ik« CN! mumpH, »I’t" «* 

ao“), tben a aUghUy eawilw gr. will k» 1 T%«»* I 

ob|*4fle<t O'tMill ter W*. Water al ** te tolia* m Aa 1tmm> tut ftp.li»r 4 t^ 
langik w«w«r^ <4 

weight# Md vwltimMl* iMM% Ifc* «**«*»« *4 il»* 

1# lk(»»Atet(W*« tedM «Wiil litelMMm |«t i mmimii^Uv* t - » al 

(«wn »««), i«A nfara^M (• «*« wwttksSilJt isjf M A t®»*tsw 

Ik iSlir© ot w#r ^ ^ I^ % vawttm h %> *4 % hiU^ 

ftwm of water w%h* «m fmm. ti k 

aU"b4 pulU’ 

tWi *y«te«i 1| that it k a ^ ^ mimmAif ^ArnXmi i* •*.4 m 

mort teteroaUon&l AU Mw wmmm$ ««#4 m (ku tmwi 

teIte *mt wmkgh% il»» gmm-t 

u‘ f ** to #1,^ f*t f 

pmpoflafllh«w«lglkof*«,4^,i«yteitefc»«i*owJI%»ltg, tt***# Afc l»fe» I4«t«i>» 
, water Uholdijkiill^ 
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FRIJfCIfLES OP CIIKMl^T 


pnfflrally ctiMiati nf «tAr-lik0 cl«*t#f8 «-f «n4 %|*o In 

thfl h»lf Si'Jifti’fcHi ls» «<»» rn»rs in «|-rts*j| lumi, 

thii tima of the yimr ll» »<» up »|nf» t-r pnss.ja. Ii«it}n4i*dl by 
angh'S pniprir tn fniKaianft’^ rr?»iA!h«>i»t.! »*> th<' 

Tht‘ t«'nipTattm»» at whii'h wat-rf fr*'tis xn*’ i-* anutWr 

aw tttkon m fliwl cm tW th*-nis>>ti5r!*-f , n-injp’.y. tiir. 
ef»rw*|Ki,nd8 with tk'tempeiutow pf il«> fc.riij« r^iiuw 

f»f tho rtfJiro cllsfnsftf»»4 ffnw wfttw at iljr n ln.r-»iitPtrlo 

pw«RUW (that !‘i 7fi() roUllwrtr#* at **’, »t tS**’ »•! I5“\ 

at thf' »» ii taken m thn t*<pl§m« Tlsu». ik ftel 

that wfttOT Ufjuermii «t 0“ awl Wll* at tOii' U i*fepft m nm of Iti 
pwpBrtlM as A deflniw «bfttnl«l wm|«'Ort4 Tt» •‘*slgHt *-f a lliw of 
water at 4‘' ia l,0Ci0 gmat, «l 0® It h gmtm Th*^ wplshi nt a 
Htw qI Ine at 0 * k -nsmstf* 01 f ^m* i lh« nf ih« iwaa 

cable mcfttare ft! water -^Fftyr at fflO «i» pfr»»r«» *n4 i* t.nli 
0‘00 gmm I the the 'wlili *ilr m «« 

cortijmrcHl with hydro^m • 0. 

Th«o d&ti. «b4i*^wr^ thni pro|t*»rtt<« «»f wator m 

a Itpamte Ibli -fW^l tdtW thal t» a rnnhlk 

Uqald, eeleurl^*, w1tb«l m Im ktroi 

beat of ’fftpoilMitlon li 534 outts. of Uqaefiw'llfm fO tmli* *»f 
The krge eipaotml of heat ep to wntot and aWi in 


wrysWltee fom Um^or# nflferfti *4 ik mM tf 

(AeffiW <mjK»ae^ tba 4 ery#*W>^gNni|% inw » «#«44 

•denw Affda tkwfaw k twaftlbaif le &U ^ u w.^ pK«*»tn wf t» 

ttiSfl woik m skaU ft»l| baiw ki i|p>Mk 4 a tew 4 wlAA 

we fthown In flp, ft to ill. 

” 01 ril kMWB Uqeiqa, wator istWt^ IA« fwMA #*JNwfe* 4 t«4iws4. H 

ftsewflft to a RTwtot hi^ifht to ©iplOwy i«bM , h.* &»« <i#4 * 

halt times u hijjh m imiij %hirm ttfc* m e* <i*4 fe* » « 5 %sl« gpvakm 

heighttbMoSJof «'iWc4.1«. In « tobs usiefiia to4la*w4^,«'%tonM;»“ «m.«^ 1* » «*a«, 
WftftWiteg twtt ib« heifkt «4 the Uqttt4 to 4 il«» fe^fcs «*f ite» e*4 

1 ^ ^Wk« tnMrt«i wltfe tt* . rt*w* 

at 80 Ow h^i d ««eterf ttf •»--4^ k ife* ih* 

OT OffiBe at 0* (toft IW. h ** &«# 

^ mbw« H m^b« swwMi tt»i m hA wiU 

M at wtowy tottprtlem; ^la, ^ |aft«l%WM ttw •»>l‘ 4 *t** 

i!L ^ 4 At edBiM ft* A<»*t4 !• t» 1 (# * t'HI- 

^ ^ b»i m 4 twhiow «kto. 

—*»«- oo "^«««, .j 1.4k». 

KftttW tootor fti oe^toW ^ ^*1 ^ ** ib« fcwl 
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liquid water (for its speolflo heat ie greater than that of other liquids) 
renders it available in both forma for heating purposes. The chemical 

1010, at 50® m I'OBO, and at 100® m 1*078. Tho sx»edfU) hoat of water ie greater than 
tliat of ouy oUtor known liquid { for example, Uio apecLOo beat of alooltol at 0® is 0'80-~> 

tho qutmtity of boat whiob rolees 55 parte of water 1® raiaaa lOQ paxta of aJoohol 1®, 
Tho epodlflo boat ol oil oJf tcurpentine at 0® is 0’41, of ether 0*60, of ocotio odd 0’597'(, of 
meroory O'OOfl. llonoo water is tho boat oondonsor or absorber of boat. Tbi® propo^y 
of wator hoe an important eignifloanoo to proptko and in uaturo. Water pro«onle rapid 
cooling or boating, and thus tompors odd urid boat. The spooiOo boats of too and 
aquoouB vapour ore niaob less than that of water; namely, that of ice is 0*604, ond 
of atoam 0*49. 

WIUi an Ineroaso in provstxro oquol to one atmoitpbere, tbs oompretoibility of water 
(seo Note 0) is 0-000047, of maroury 0*00000888, of ether 0*00018 at 0®, of aloobdl at 
0*000005. Tbo addition of wioas subitanoes to water genmlly daomaaes both Its 
compressibility and oohesiom The oomproeslbility of other liquids iueraaoes with a riio 
of temperature, but for water it decreases up to 58® and then inoreatfts like otUw liquid® 

Th® mpmkon o/ wat&r by heat (Note 0) also exhibits many peeoliarities wbidi or® 
not found m otb®r liquids. The esmnsiou id water at lo-w teinporaturus la vary srnaU 
compared with other Uquids; at 4® it is almost raro, and at 100® it is equal to 0 00061 
below 4® it Is negatlve.-Hi.e. water on oooUng then expends, and does not demmee bt 
volume. In passbig into a solid state, the speolfto gravi^ of water deweoeas { at 0® one 
O.C. of water weighs 0*000807 gram, and one o.o. of ice at th® same tempwature weigba 
only 0*017B gram. Tho loo formed, liowovor, controota on oociUng like the majority of 
other BulmtunoOB. Thus lOU volumes of ice are pnvduwd from O'i vulumoaof watar—that 
is, water exfsvnds ommiderahly on froeshig, which fwt dotonainoB a uumHOr of DataraJ 
phenomena. Tlis freezing point of water falls with an incruat® in inreasurn (OtH)?® per 
atmosphere), because lu freesing water expands (Thomson), whilt>t witli substances whicb 
contract in solidifying the melting point with an iaorease in protBuro; thna, paraffin 
under one atmosphere melti at 40®, and under 100 atmospheres at 40® 

When liquid water passes into ■vapour, the oohe*i«m of its particles mast bo dostroyed, 
as tho partloles are removed to suob a dlstanco from each other that Uieir mutual 
attraction no longer exhibits any induMioe. As tho cohesion of aqueous porlidos vodsi 
at dlffcrMit temperatuxes, the quantity ef heat which is expondod la ovemmiuf thl» 
odicsion—or the iaimf fliMif of ryqperaffoft—will for this im»oa aloue be diffwtwl at 
dlffiewt temperatures, the quantity of hast wbleh k cousuwed la tb« trasMermattoa 
of one part by weight of water, at diflartttt teoperaturei, Into vapour wm dateminwl by 
ttefoamt with 0mt aoeuracy. Bis weaarebM Stowed U^l one purl by of mlwr 
at 0®, in paeslag Into vapour having a impmluN t®, msumw 808*64 0*1064 wits of 
heat, at 80“ 881*7, at 100® 687*0, at ISO® 8BM, and at 800“ 6«*B. But thto quanlltcr 
includes also Ui® quantity of heat required for heattof water from 0** to I®— 
IjcsWi'B the latent heat of evaporation, alai> that beat which la ua^ in hmtieg th® watet 
in a Ihiuid state to a UmqK’raturo I'. (h> (ItHlucUifg Uiin onunuit of hwt, w« obtain the 
latcmt huat of ovajHiratlon of wat«r as OOfl’B at 0®, 871 at BO'*, 884 at l«t) 484 at 180", and 
only 488 at W', which ahtiws that the coaverslon tif water at diilertmt t«nnwrat«»» into 
vapour at a ormstoat tmaperature requires v«ry dlffenml quaaUltea of htat. This is 
chiefly dopmrdent on tho tUSimncc ol the cobaiion of watw at iMmnt tempwalWM | 
Ihs c^eslon is greater at low at high tompmtnrM, and ttittrofuria at kiw 
pwatuTM a gjmter quantity c4 beat t« required to overemw the oobMion. On 
thtM quanlitiSB of heat, it wi!I be ebaerve^ that timy deortm ratbv oaltanli;, 
their diflfiwnee between 0® ami IW la 79, and btlwwa 100® and MO* to 101 
From this wc may conclude that this vajIaUou will be apposlmattly tb« mn« to* bi^ 
temperatures olmt, and Uicrefora that no beat wuuld b# r^nlnd te* Mte wavw^m 
ol water Into vapour at a temperaturo of ^nt 406 . At vMi 

pOMM Into vapour whatever bo the proMUxe (m Uhap & !3Ehd tdMlAft 
Of watw, CMOWding to Dewax, to V70O, titoi Ufr 
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reactions which water undergo#*, and by mmm «»f whfch k fa fonot^ 
are ao numoroua, and so eltweJy ftJHcd to the rtmoliont ol niwij oiliw 

Ijoto be reioRTkea tJhw la prM«nttn« ft ftmUt <|eM«t|r 

of hoiit for Its oonv#r«(tm Itiki i?B)ptiur ibwi Thm »I«.|k4 ^ 

ctlier 00, torpenUne 70, uniti of bwl lu «i»ir r«»nf»r»l.«-4 Uil«) 

The whole wnounl of h»l wWoh i« Iw t4 ml«r tote mfwwr 

Ib not n*eA ta o?«reomln|{ ttw edftwriow--l», t« bitoruri wt»?h l» ll» 

Wqm. k pwrfc of OiiB hm% Is in aw^teg U» i^wW; to 

ftijuwuB Vftpoujf fti 100» oeeaplM ft l.ftSI Uww fr-«tor il«i» el wtrt»t W 

erfllti&ry pregiate), eoumjueoily ft p«tkw of th# « wotk to «»|tfnfiii4 to 1 ^ 
ftquaous pftrtioks, in ovetm»mi»g piw*ttr», « *« w*| W 

employed, and whit* fs «o wnploywl in In i*r4«r to 4m%mrmut» ihim mnk, 

let u« ccmsidor Ww YBrifttlmi ctf Uit* m»simnm w fifmtrirjm r/ ft4 

different twnpwfttuiWB. Th« o^wftttws of lto|ft»all S» iMs r»*|w*«. m w ttww* 
coding, dfloerv® spseW ftiwntfta tnm thftlf w>m|>wkw»«lw«««»» mm4 
proBBuro or t«ii#kw of ft^asofl* 'mpoar ¥*rk« toMi^sfuisris* }» to ii»« 

table, «ad la wpoMod la mQU»*«i d th» Matwi t« 9* 


Tsmpsrfttnre 

TVes'wt 

T®*t*l»iWalare 



0-« 

.'.i 



S'l 

WF 

•Wl 



ifie* 

fttro 



ler 

p»4 



iir 

»li4 



iir 

!•«#* 



i»* 

I4il 1 



i«* 

i»io 



wr 



The taWa ahow® ih« boiliag pdate of watw *4 dlfc>wi4 Uto m tl» 

ctunmiii ol Mont Ekw, witw tto ftvwftt** U dwaiCtt* mm «w*.tof k»llft mk 

fil’d'. In a rftTftded fttoosphtw water bollft mm tb* m4imrf l«&l« 

evaporating it ahiorbs h«M from lb# a^bb^mrtef part*, *ti4 'ihmdtm « i»ii 

and Ki&y ovaa ttniuo U tb« prawr* do« w»| I« »»., mwI »s 4 w«;i}*ll| tl liw ¥«.pw«r 
bo rapidly ftbsorbsd a« it ii fomod, Od «f irtlfH wbt«b ftW»rb» Ub* m^rnmmm k> 

umI for tUa purpose. Thus le# may b« obtekwd aifltS«t«llf M ttw *»rdto*ff fcp»»|*t»4«» 
with the aid of an air-pump. Thiti faW# »f lb« *im »!»•»» 

tomperaturo of water oonteinod in a oloi^ b**ij«r tf ib# **> lfe» «*«*«» #<»»i*w4 b* 

Imovm. Th«« at a prmuw of five fttemfibsrw (a nl five umm itu> i# 4 ts» 4 #f 

fttmosplwle pr#Mur#W.«. « a ?W •fi.WO »»,) te »f lfe» wmM h» 

im The tab^ dJIm Aawt Ibe pM^ p^awd m a 0vm wffar# l»f *i«»kW mt 
fiw fc Thw t^rnm Imwfaf a taatmtara ^ W* «m* m «l sii bO*^ 

% pWfflft whwift tttttwft aqMbk 106 gq<«»., fet th« pWiniiMt @f ww **» #»»# 

aq.eiave(|t,aft 1,0IS kUoe, and ttem at ha. a ^mmm ^ A» 

.a ooluma^ wwttry I »«, hl|jb a pnwm ef ,* * mfUm*4 

I «m., Ihetefor# the pwaw of mp«r «4 r &mm^mAm »«b «, *4 

6 BB grama per square mtotfra, pm»M ter l«*|«»rtw»i »%» b» 

^ j Id ler ft ii ^tMd to ifim » *t«»* Thte 

SZdtto tt! ^ •**^**^ "* mA UrnOmiU 

SwaL Zn to * 1 6W ««fte ef beat b« to »« a 

^pratures ftad ao abio ter omy o^ fh#fMwte mm iwtow, fc 
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mbstances, that it is impossible to describe the majority of them et 
this early stage of chemical exposition. We shall become acquainted 

what heigiit does the piston rise nuder these cironmstanoeB? that is,in other words, W h<^ 
<8 the volmne occupied by the steam under a known pressure ? For this we must know 
the weight of a cubic centimetre of steam at various temperatures. It has been shown 
by experament that the density of steam, which does not saturate a space, varies very 
inconsiderably at aH possible pressures, and is nine times the density of hydrogen nndet 
similar conditions. Steam which saturates a space varies in density at different tenu 
peraturea, bat this difference is very small, and its average density with reference to ait 
is O-dA We will employ this nnmber in our calculation, and will calculate what volume 
the steam occupies at 100° One cvfbio centimetre of air at 0° and 760 mm. weigh? 

0*001298 gram, at 100° and under the same pressure it uriH weigh ® or about 

® FS68 

0*000946 gram, and consequently one cubic centimetre of steam whose density is 0*64 
will weigh 0*000606 gram at 100°, and therefore one gram of aqueous vapour will occupy 
a volume of about 1,068 o.o. Consequently, the piston in (he cylinder of 1 sq. cm. sec* 
tional area, and in which the water occupied a haigliii of 1 cm., will be raised 1,658 cm. 
ou the conversion of this water into steam, ^ie pietoo, as has been mentioned, weighs 
1,088 grams, therefore the ewiemal toorh of thv «feafn>-that is, that work which the 
water does in its conversion into steam at 100 ‘—is equal to lifting a piston weighiiA 
1,088 grams to a height of 1,638 onn, or 17*07 kilogrom^taetres of work— i.e. is capable cu 
lifting 17 kilograms 1 metre, or 1 kilogram 17 metrea One gram of water requires tor 
its conversion into steam 684 gram unite of heat or 0*584 Mkjgtam unit of heat—.f.e. the 
quantity of heat absorbed in the evaporation of one gram of water is equal to the quan* 
tity of beat which is capable of heating 1 kllogtam of water 0*684°. Ekmh unit of beat| 
as has been shown by accurate experiment, is otqiable of doing 484 kilogram>metres ot 
work. Hence, in evaporating, one gram of water expends 484 x 0*684 =» (almost) 227 
kilogram-metres of work. The external work was found to be only 17 kllogrom-metreg* 
therefore 810 kilogram.metres are e:!tpended in ovecoomiog the Internal cohesion of the 
aqueous particles, and consequently about 92 p. c. of the total heat or work is consumed 
in overcoming the internal cwesion. The fqjlowiug figures are thus cotculated apptoxi* 
tnately;— 


Temperature 

Total work of 
evaowatlmi Id 
kno^m-metres 

External work of 
vapour In 
k1logRun*metrea 

Internal 
work of VKpcai 

0° 

866 

18 

848 

60° 

848 

16 


100° 

286 

IV 

809 

160° 

800 

19 

190 

200° 

198 

80 

178 


The work neoessoiy for overcoming the internal cohesion of water in its pekssnge into 
vapour decreases with the rise in temperature—that is, corresponds witli the decrease flJ 
cohesion { and, in fact, the variations which take place in this case are very similar ' 
those which are observed In the heights to which water Vises in capillary tubes 
different temperatures. It is evident, therefore, that the amount of external*** — 
termed, useful—work which water can supply by its evaporation is very sms' 
with the amount which it erpends in its conversion into vapour. 

In considering certain phytico^meChonioal properties of 
their importance for theory and practice, but also their pure* 
ft is evident from the above considerations that even in 

greatest part of the work done is employed in overoomiut; vuuowum, nuu uu»i> w w— 
ntous amount of internal energy must be expended to overcoming nh e mi oal o&bodiootf 
affinity. 

*4 
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^ith mi»| ftf (hpw ftft^rwartK l»tti »i |*rr^»i »n ikill rttjfj t’itoiwrtAbl 

cwmjMwiula fi)ru«*4 Hj W4t»ir. In l^* w ih^ ©f 

the V»iri(.US knuk nf rr4»s|H«4iKk f' 4 n<c,l hy waltu %%.• %n!l Im-gm w«h 
tlio rn«tt fmlilr, •hirit mm ilrl*>rna»ic'il i iw’.ls^nnal s44|»fltfli| 

prtiprtipt’crf ih® rf>*elm« kol-sUnc^a •* 

Wfttw l« aiwhankwlly AHwr|r«l iMnt . » «,ili#fr« td 

their Mrf»e»»• *^^»*'*^* i.» «»i.|<'is. .<4 .*u« .4 |•«4»*hf!4 

gin* adbwtita iittnlhor. Sort*«lt|-** !-«<» m 'Jj«».salrsiss4j,\* • sti^k* 

iilg,'W ' »ItottrpU«n »f w«ser.* Tlmt I54<.«<*-J.s dran lf|«4« md 

wii!»*r« tci ila rsutfiire, ii »l*»tfW4 |*y lt»fl »nl, »*%i I. an*l «!*»* «n4 
not fitiw away frttui llinn, 5«wl is^cil \-.s-i»er.n ilst-sr 

BiwDarly, water a lsM.iif, *>r Ar, l»«i ffti 

fijnd gr«*y ttttlwllMli'f* JM •»» »n«l Aslr4«*Hn»i »l 

klttd doM ftOl ttllW tin* «»f r|i«s«!‘*1 t»l water. 

For OOtlw th^ <jirf4tti%t«fsrt» walrr. m t* f»*»tn inisr|. 

day exjMtrknce, i«fcy k* w».}«l!r>l it<>m tsisifsa* »«rr wiweli 

is in ftny w»y hcW mmy tw hf ni»». Iwjite*l 

»»«% l>y frwtiott, prtMrt, ef>ftirrfei*l fw-i-r. hr Ihn* *»icf ii 

«q[0i«w4 fwtt etolh tif pn^nr# m crr.irtf».g*l Ikl 

wWA In p»ibrtl» *» e»IW ilf| |l*«'r«Mee ilwy «l*- ».«t Iw4 

oftiu rtlll noMurt, i* way W l.y oi.jtsci 

In ft gittii tobi elo»i nt oat eati. liy |4*«i«ig a fj«« *4 I'apw. ilr| 
dftrth, or «nj rfroilar vk%}^% |ei|jwikll| fmm* m wwl» a 

gl««i tttbo, ftod hefttlng that |«rl «l Ihi* twtM* »i»er# *!'»« ri u 
tod, It wlU hi rtraarkwl thfti wrIw wn ii'.*» ^ ‘«4ft «f 

the tnbt, Thw prettowt of ftoch Rt»wl»ril, »4r ^hy^ w»trr » 
generally best diiticttd in »oti*vt>|*Ul» atil»iamp« b» «byn.i ti»wsi at 
loo®, or undir tbi rteiivor of an ilr puwp Rutl witr wh>rh 


'* Wljea il iiA nwjtwwj* l<* » r»'«i»»i4w«l>l» nt*** •»} |i.|«»54 fe* »«aww>S®4 il 

b# wary b* in*ku «4 iiwfciJliss **»4® ukenJ b* s ■#■ 

twmm fm iwfe i wA «»» »»BMfi mik b» iSUsM*# tf.au * 1. 4*f 

i» totefdlMti tete te l^«M, ia |«b» lfe» t*S**| »fe|its *< *J«> ht*l, 

thfl itam, takKgyta^ViMipMl^ hte »ifc^«*| Mm, I*#!# ♦?<» tiMS. aunt 

|*|i| 1^ *4 m^Uf tm m ««' «» «» . 

mm rnmm m m’ h i.*»4 i..*- «*« 

■is.toi?* »'l hicmi, «*‘*4 Kfcell 

d &t tm mmMm m miu rf Um * ikmmh.m, pmk l.|.^f«i»s> ■<>1 
ft »ei»f » »* |lr» »p m Wlli ©f taa*. ta (ul *►!■« 

eapftbk of b^Mat l,0M Ml« ef mlw fa* »• m MtK i* «ry .«4«t f 

Wtog to pMi^ F« IW» pBp« 

» ito» w* e*. Th»f wm by $, wmm Immsi *# s-itUfi# tUg^ tp**g m 

Iff ^ ’*** to 1^ tei ta Tfc, #wa ,1.^ 
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attract water ehemioally. By weighing a TOliittaa«» brfore and aft«r 
drying, it is easy to determine the amount of hygtwooplo wat«r from 
the loss in weight.’® Only in this oaae the amount of water mutt be 

>* In order to dry any enbetanoe at about 100®—tJiat Sa, at thp IwiUia^ |>dnt t*f «at«r 
(hygroaoopla water pa®Bi»« off at thi« tempamtnre}—an call#4 a • »lryl«if<t'r«>n * 

te employod. It coaBistii of a doubl® ooi>p®f Iwsj waUsr « pourwl Snin ttw #f»«« 
botween the Internal and astontal Uoxoa, and the oi^eu la then heat«*d jsver a nr by 
any othoV meani, or «lpo stoain from a boiler b pa«««d Wtwwn tho widb r>i th»» two 
boxoi. When Uie water botk, tire twaporatur® lasWe th« !««?? b»»i will b« apjwnilmaWy 
XOO® 0. The BuheUnoo to b® dried ii placed tedd# lh» own, mA lh» dow l» 

Several holes aw out In the dtx»r to allow the tm of air, 4laeii c#fri» off 

aqaoouB vapour by the ohimafly on the top of tl»« oven, OftoB, I# 

osjoriad on ha oopp^r ovens bsatod dliMlb (%• tbto my d«Mi 



fW. ll—riwlng own. er»B«tw»»<1 ttf hfsard rs»(«fcr !81» t»f » |««»p the to A4|8 

b plM*o(l on lh« lel^lis |.lw«rV'rt» Tb® IwWii'ffcijr® iSi« 

towjiapatnrp may tm nbtWfWKl, whirh b «teisrtr(ifiim1 b% m tl»«rift.-n,ei»» fi»e4 5» » 
orifiee. Them are anbstonww whbh swily |mrt »ilh lln»rf »M%mi «» m munh Is,#!**# 
twaparatow than Ifnr*, and th#»i iwch m Wtt« «*> *«rt t», 

diwelly tliB amount r*f water to a BBb#!4i#«B wbtoi* Amm fto4 t«»fS mmh mmftUmg mt-mf* 
wator at a red Itw aBh«to»«» b f*»*l ♦« m Ismli. t»W ii| ti»*» wm-.g^mg %k.» s«l* 
•mp^ «mI yteB with tto witataw* t» b» ifto4 in ii, ib« «»»f hi »4 ifc* *«Uta*#» is^^f 
ba ftwnd. toba !• lli« #ai»«*ibrf m *mm #wl» mik m §%* b«l4*f fr»si 
opimifti a i*top.«»ek, ^»««« ibK.»if|» a wlpknri# «i#4, mi Ifc* mm 

a VPM*1 eimlai«ing lump# «f ptt»»te» w»i’4*«c»w.| »||ii *»%!*»«• »ffc| i* ^mmumg 

through riM»»« the atr ie tbxft.un'bli Nvjpg »|» «H »*, m 

aalphorte JwUl, Thu* dry air will iplo st»» l*»!fe tittis*, «t«i •* w»|« |» 

«i^«ty fivws np frtwi a wliwton^ i« dry »» ^Iswpf 

tmm w b»mii. ^ hM«m gtw ^ U *• itei# ^ 



® i f«Wt*f|''|,|/I %\f f Ifl’Jf |;j|'|||» 

»I|}} IwsJlillfrt ill** Lm, t , 

fmm |}»« ^“4-Mlnwt prmf4 

i4sw Mr U|«n»r. I« «'% ic* «„i ,, „ ‘i. ‘ ^ 

^ tlwi b. t|,nf r«|,, ,h. i r.. '’/**' 

k»*|it in ^4 r,il4:-r»ssr 4„ ,, ,}^g ^ ««• 

«>« d«*m, ft ni»i,i„» .4 „,,, ■ ; ■ ■’ • •• I .1.1 ..„)• ..a- 

tir m a il,« *** «» rniif«|| 

Wn,gr.mvrrtn{*nin,^.,,,,^^ . I- 

iplwwwiriftvnrmiw. I. J./t*!"'! *'* «*«*»»* 

*^*‘**^<|«»*<»»l*iV(4|s*-»rtf f*tn«i4„y*.* .1, r^!' ***** lit# 

Hmm tWy I II. .»rf. 

^mmyuU\ hut nut uulmuU4 ., 1 ,,: to 

W ^Ijf lW«l litjo^ ^ 7 ^ ' 4,sJ * ffuin 

•"IpHUi bM«n„ Mo,; af„., . ' ‘'l■'“'■ '-‘I •,>..<^.| 

i" w i* ti,.,,u„,, i„ •’ ■•■■I' ■ - -X. ... 

««o.. ukr, pu™ wuhS»„ "^ ■;’ *:'"' '‘''....I'''"■t.-.'.. 

from own, «oh,t«„«,, W »ir,i,,”,k"^’';'•«■•■ ..r,l 

"* “ «»'- :.‘''“:i z": 

^®w ^ wtataigft»ai i«ii«, # I •'■**•**< si« a,u 

it »«y gww) ««n, r ^ ^ *>n^lk4 If-,, ft 8t.r . * r' ‘'“ *'" * 

--•■ ■ -.. 

»«* m4 nfl* WWw. 
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Ifk© tho receiver of on a 4 r pomp, nhould b© hwmotleally ©loMd. la 
this case dosioeation take# pkoa | bocauso talphaHo ©aid, for instoao®, 
first dries the air i« th« bcU far by absorbing its moisture, tUi rohttanca 
to b« dried thoa parts with ito mcdtture tu tha diy dr, frcmi whleh it i« 
again absorbed by tho iulphurio add, &o. JDeiioeation procoods iUll 
battor under the reonivor of an air pomp, lor then tlio a<}ooous vapour 
is formed more quickly than in a boll jar full of air. 

Fnnn what has boon »ald at»v©, it is evident that tho tmn»f®r»ne* 
of raobturt) to gMMi and the absorption of hygrosoopie moistur® piwmt 
great rrsembkneo to, but itlll are not, oh©mi«d oombinatioM with 
water. Water, when combined at hygroaeopio wator, doM not l«i its 
proportkw and dow not form now Bu^tanoi*,’® 

The attmetion of water for «ttls*taoc®i whleh dtasdv® In it it of a 
diffarant charaottr. In the •elation of iwWianoei in water thtro pro- 
©eedU a poouliar kind of indtinits wmbination { a o«w horongonoous 
lulMtanue is formed from thi two taltelanMi tak@m JEtai hart alto the 
Imnd ©onnrrting the aoltalanoMi it W17 nntlabl©. Water oafttidiai»|r 
diirmmt sukt-uirru in solution India at a tompomturt near to iti usual 
boiling point. Fruni the »i»lution of aulwtanora whioh are lighter than 
water itself, tlnw art* obtained iolutioM of a It** dondty than water— 
ai, for «Hamplo, in tho ^uticm of alwAd In water 5 wWbt a headtr 
•ubstanee in dissolving in watw git* it a hlfhw ^dlio gmdty. 
Thus salt wfttor i« hravler than fftth,** 

We will eooildrr ofmmm mdmtmm swwfwtwA fttWy, biMWi, among 
othot roawni, anlulioni ere fonitantly bdng f«m#d m ti» and 
in thi watffi of tho tarth, in planbi and la animal to db««l«{ pro* 
MWM and in the art«, and tlm idoteM |^y aa iaportanl j^rl (n 
the ehwmioal tmaformattaM whWb $m «v«iywh«« t^ng phit, fttfl 

Enpsl, ta hfa (WltavA ttb kf 

t» be tWed. Ttw ftri*##* nf H ksHfcw bf «ii»f (*» ®^«f 

pftfiitm f»f Ujb <Wi« M«i m kwlttotof M»d ate 

the e{i{«mtu# 

0 Iwwpvpf, 4»l»»'mMswit itmi t« I gmti* nl •ittw-t'ifct wHb wtator 1 aaite 

df b«*l aw Mwl tw fwnwing fwrtwia tsi«alf4»iAi* mmt I «»! m tutrt 

M §4 »*f b*i»t MB #*?*4ts4, Atoirti* 11 »W« ft«4ste»*4 wirt# wal*#, w»!ri« 

®| TJii* te4te»l»« lt»»l i« ta •ti4»ifcw *4 

pmwti a iMMlttw Mmm4» «t>««lb«twMj tMrt ta iMr 

w §mM9 a-rt4 •Ik* ***»% m i#*' to t iW% imm «<?i 

Iffhlsr bh thi a44lljfi» »*l*f fa 1^1*? p. ^ 

tk »«4«Wf*n t4 iBi p«Fhi *4 a*w4*B ••rt »»»4 W t#»%« f4 few* * •! I 

Mi 4 tt a!4Mn»B isl |«rt* »l i*«l4 w#W |W f- 4 * J ta# a p* rf I 
wtteb !« «!il! ffc* ifefti «4 wii* *«i4 itorff. TW *4 

teii^tasi wbteb tot*# |^« an S» tm% 

oiiA^ wlUi wwiar, toMaw m wtam- 




m 


mmcmm of ciiiMisimT 


only Wmii* 'Wkttr It ©v«r|wh#w »*l will, tmi ct}|*4j l^«a» § tab. 
stanoo b iobfeten lb# i»i»l Uvtmmhh c«nslii}<mi for ib# 

proo^ of ch»taici4 cb»i»p*, which f^iuirw m iih4*iI» 1| iif }%ri* aiul % 
^9«ililo d»fon«lf» of ipfti, In tlnwil^ring. « 9*»Jt4 •mWiauc# 4 c’»|ttirw 
a fflobility of parts, and * gv lowtito tsl**iicii|, mul ii»f»if»»f» rcwWtiifii 
ofbn tak© pl^ b iobtioni which ib t»^*i |rf^c«r«l i« il» uivlitpslml 
fnrtbw, % wl^tanw, «ll»iril«i««l w*ic*r, en4®nil| 
bmki np-^ttoKl 1% bi»»« Wko « a>*wl *»|«irt'.s a 
wiobiJi^ of pkrtifc iUl irmiiur* tli»t it* 



tio 'of p*lto«kr iitontlw sfetmW t» t^l m 

<ihdr-r@Jn«oB b wibr m a wlvtai 

It ft titll kwm wtttr 4 f^|f« »i«f miMimntm. i%li» 

»g»r, riookol. nd » n™t« ot o«w i«ol.. .n ..tor ..d 

^ hom,^»„ llqjU, re d«,««„u, ifc. .1 

SSn^^^’iS* *" **’■“ » Wih m-tOemt of 

“• *• tatoodo*.! ioto . toll ^ 

oDdstonilai' **”*'*' pX »l>ioli b pwriooit^r tlM wltti nm«f7 
.Dd •t.nib la 0 m,c«U7 H w<b« to Uwa towodacto into tlX 









ON water and its compounds 


61 


cylinder, tho mercury will riiso, owing to the water diatolving tho 
ammonia gas. If the colugin of mercury be 1 ms than tho baromotrio 
column, and if there bo suiBoiont water to dissolvo tho gaa, all tho 
ammonia will bo absorbed by tho water. Tha water is introduced into 
the cylinder by a glass pipotto, with a bent end. Tho bent ontl in put 
into water, and tho air is sucked out from tho upper end. When full 
of water, its upptm end in oloatnl with tin* finger, and the Inuit end 
placed in tho mercury bath under tho orifico of tho cylinder. On 
blowing into tho pipette the water will rb© to tho surfaco of Um 
mercury in tho cylinder owing to iti lightnaai. Tb© solubility of a gm 
like ammonia may bo demonstrated by taking a flask full of tho g#*, 
and oloaod by a oork with a tube passing through it. On placing tho 
tube undor water, th© water will rise into tho flask (this may bo 
aceoloratod by previously warming tho fl*isk}, and bogin to play like a 
fountain inside it. Both tho rising of tho morcury and the femntain 
clearly show tho eonsiderahlo affinity of water for ammonia gat, and 
tho force noting in this dissolution i« rendered evident. A certain 
period of time in rcujuirud both for the homogentK)Ufl internuxturo of 
gasoH ((li(ruHitm) and the precoM of »olutien, which dependi, net only on 
tho surface of tho participating auhstanups, but ako on tludr tmturo. 
Thifl ifi Been from experiment. Solutions of diiTerent sub^tancM 
hcjavier than wabm, «uob as ialt or sugar, are poured into toll jam 
Purt^ water w then very (mrefully pouml into these jar« (through a 
funnel) on to the top of the atdutioni, »o w not to disturb tho lower 
stratinn, and the j»rt* ans then loft undiifeurbwl. Th« Hiiio of dtmaroa* 
tion Imtwecm the aolution anrl tho puro wattr will b§ vkiblii, owing to 
their difkirent oo-offleiinte of refraction. Notwithstanding that tho 
«aluUon« takin art heavier thw wato*, after »»© tloo wmpkte 
intenrobttom will tim#, Oay•!#«»« owfrtwtd Wwfirff fc# 1^ 

tliii particular «ptrim«t, wWoh hi ooad»©ted l» ib« wHaw under th« 
Paris Astrenomleal Observatory. These oellaw at© well known m th® 
loridity whore munoreua intoirt<atii>g rc»»rohoa have been oonduoted, 
biMuiuae, owing to thoir depth under ground, they have a uniform tom- 
poraturtj during thti whole ymr; tho tomptratur© doM not change 
during tho day, and thi» was inditpeniabl® fwr th® exporimonti on tho 
diflhiion of loluttona, in order that no doubt as to tho results shouldl 
arisa from a dally ohwip of temperature (thiMperiraent lanted stvtml 
moathi), which would «it op oorrente in the Uquida and intermix thilr 
itrata. Notwithitanding tho uniformity of tho temperature, tho sub* 
itanco in wdution in time oacended into tho water and distributed iteoll 
uniformly through it, proving that thor# ®s,lst« botween water and a 
iu^tiinoi diiaolvod in it a particular kind of attraction or striving for 
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mutual us <•} t<i t!.'- !• r.-»-.>f grai itv Fartter^ 

thil Ctlnrt-, tir r-Mt* <4 JI f-r n%]l >r 

VUri'UlS tulu*!' **' 1? I »a I.I||« I'■I■'S?’ ti. 1 i! ri |ui.4f 

ftcts in sulutiosj, **» h» m'!a4l • • .* js.sij j.s, at. | a iufti.fi 

(IftUfUiiuetl by a ktni . f ti. 4; !t *’■»• i!h' •hi »: . 4 ] r(srfj*y 

of ft subitnucf) whirh is i-r.'ixj t , il,«. ti.!•»•»!.'<» tlj%5 -U. ! 1 %;. S f.i {j^ 

ftolvtmt. 

(Jrfthftm rufttlf a srrirs nf vuims.i. ■■ t.’a ti'i shr »|. .-n sShivu 
doacribi'd, atul fth'iwni tlni tb" *■ *?•' / 4<. ••..m >» • ri « =.'« t %rfy 

variable that i<, a UUlb'tl-* 'bstt -4 a ■ 1 -, I'm W4tr|> 

di^sulvitlg it )«» ttttrtlU*'’! in <|j;f«rr!it I'-J.-is »■! I.:.. - Vi,»|j *lj|frrr}»| 

tOlUtifUH. (J{fthHi«M*‘Ua|- 4 rr.| > 4^.1 :' 1 f ‘ '-I Tl.nf# 

ftT« Mi b;«'t» ihilusis . «n I f l.t r«' atf. -> j.i-h .luluiw 

v/lt,h tUlficulty, jtt«i «s t!i«rrt *tr 0 Hi •(« ..r k88 * •j'lsk 1 .:. *-3 

hundfttcl cubic ifntluiftrta »'C | . ;f. .| ,nt- - a a?.«.!. I i t u.rssRi 

of ft syjilion (nr ft I'lJiUti’i F* * rub fr-ntj.nntt*’® *4 » » -iw*! n • .nUmmi 

ID grftuts (if ft «ub»(ftnpf» wrr«» | ys«.! i-. 

tho bwur pfirtiurs of ih« jur After a lipi- .f ©n.nai '**, s.;-i-rsnvB 

layon of 50 cubic ocntiuifiifw takru ii-’u* £bn t. j. ►{ j.sa4r«i», 
and tbft quiinUty of aalwWiw «b**.‘bic-l t-i tb« !.»*,« ja tburf. 

mlnoct Thuft, wmtium ubin «*U, aft^r t •mirm -iais. cIk* 

following amnunti (m tmlligfft«is| m ibo u^.ia, s~ 

from tha top; lot, I'iO, I2«i, yr*,’, 4;/^ f «.■.§, i>j\ 

091, 1,090, 1,IH7, ftt.d 3,'JIW in at« msi«u4cr , RU'Uaun in tho 

•amo tinio gave, to ili« tint !Ayrr«, ft •nm'.l »iu. nut. &u4 

bogiuning front the eighth kypr. bh I-', i.'. tl h H-K !,*■ftud 
in the rem«iml«f milhgrftm* Th>.t% ib** | -s.t .4 «. 

ftolution (iojMUidft on time ami un lh» nau«f» -4 tbo *a,b',?au.r. , 1 , 4 . 
ftolvt'Kl, wliU'h fftct rnny wrvp, *»•£ «»nly f.»f es|4«na»»h’ tl , f. I I I -=4 t*f 
solution, but alio for «li»tu!guj%hii»g «»u« 

Oruhft® ahowed tliftt ftubfttiMutwi wbi»h fftpiby 


***'‘* &nkiMS, ta WsFe by i»K*iaw>. ®rftl t^-a .n £.' 

(Ohapter XTIU.) mna liwi»«#U5f 1--. 

IkCv»0,,wUi^ dwwwl lh« m%» »4 w.r.,«««, ,,,..1 

employed ll« ttieibt*d tiweriWi i» X %; tv 

dlMolved subslMM wUkdt w lr«t»»,iw !«•*-•! .•<> > 1 . t 

a verUcft oyUadrieta vmmi i« iwi ,mty «,a «- n. r . - 

of the oyllmler.bttl irUta k. Uw wtt,*„Utt 4 . t ««, w -i. ^ . . 
of liquid, #« Ural ewh wlwn«««» Uw tk. f i - » 

the dlff^lon of gaw-iUftt te, „ 4^«Wi w , 

«ol6»{ butbero most probably lb.*p pw*}y .lU. «,!. f J, 1 / t ., 

wkob^oHne the subttoooe dtooJ^d |« pi « 




• a ^ 4 ^# 

! ,.f 

i..u!r I# 
.. f m 

a clt 

K ■•••4Ufe^c 
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are able rapidly pass through raembranoa and crystallise, whilst 
eubstanoos which diffuse slowly and do not orystalUao are coUoidi, 
that ia, roseniblo glue, and penetrate through a motubrtvno slowly, and 
form jollies , that is, occur in insoluble fonns,'** as will bo explained 
in speaking of silica. 


»* Tkorale of 41iffufiitiii—llk« tho mttiof tranaoilBBion—•UirotiKh 
(whioh plivyB n.n Imimrlaiit ptvrt in tho vittU proowSRus of erganwma anrl sUso in UKthtUod 
proooBwm), pree^nta, lusooifiUnij! to Qr&l%Ma'B wmirehe#, n. Bhwqily eliang* Ja 

'pftMlnK from Btjoh cryBlivlIlwbU) 8ubaUao«@ m the majorily of naUa and oficis to tab* 
«tunooa whioh aro oaiuble of giving Jelliaa {gam, galatia, ^e.) Tha fornwr dilfnae into 
fioluliouB and pft»a thn>Mgh marobmnas maeh naora rapidly Ihan tha lafcttr, wnwi Ombsw 
tlnsvoforo distinguitthoB between erys<aWotd«, wbieh dlf!tt»e rapidly, «nd (^olkAdt, wbieh 
d!llfu»« slowly. On breaking aolid oolloid* l»k» plaow, a total &bMn« of eleavage k 
remwrked. The fmoturt of auob itabatanMa is like that of glna or gUaa. It is krmod a 
•eonehoidal ’ fraetara. Almost all the sobatano## of whioh animal and vogotahUi bodi«« 
oeasiBi are ooUoide, and Ubii K &t all event#, partly the rwoo why animfUi and plwte 
have Buoh variad forma, whioh have no rtsemblaaeie to tho csrysWUne nwn»B of the 
majority of tninoral swbBtaneea The ooUoid *oIid #uh*tflJB« 3 «a in organi»m»«-that la, 1» 
atumala ami plaiiU—almost always contain water, and taka tao»t pootUiar form*, of not- 
work*, of granuliw, of lialra, of muoouB. #h«pvlw9 maasaa, which aw quite diSwtBl 
from Him fomiB takwii by flrya’eliino aubstafum When eullnidii «ii>arato out from »olu- 
tioDji, or from a nioIUm ntato, they 
protent a form which J« Bimilar to 

U)^at of the Uquid fnnn whioh they 

wnm formed. Glasit may bo taken 
as the t)0#t «u.mplt« of this. Collolde 
are diatlngumhalilu frtun cryital* 
loids, not only by ih« abaenoa of 
cryatalliriM form, but by many other 
proiHUtmB winch iMlro>t cff claarly 
ditil.nfuialimg Imth thoee t>k*w# of 
tmllda, as Itrabtim ahomd. Nearly 
Cfilhiids are capable of paeslug, 
nnd»r cwtoln oitmmtlaiuwfl, from 
a HluUe into an tAMlabte cMs. 

The bwt ftsample k shown by whllt 
cf «w« (albumin) is saw and 
e.<lublo form, and (n the hard* 

Imihitl (uitl ijjBolublo form. Thu 
majnnty uf m.Ui.iib), im jwBahig inUi an imailuble form in ibaprewnraof water, give 
Buhetani'OB Ivavtng a gelatimma apjw>Branoe, whioh is familiar to evury onn in sUrtjh, 
a«il!dtflod gluw, jelly, Ae. Thos galatln, or common eaipenter's glu*», when wtakcA In 
watnr, aweljs up into an inaolobla Jelly. If this Jelly be Iwated, it melta, and m th« 
iKilOblu m water, but on ioolia| it ^ain form® a jelly whioh k inioloblB in water. One 
of tlw propertiM which dlwtlnfuiBh oollolde frdm eryatatloida ia that the former p«M vary 
slowly IhfMgh a vHembrana, «rbil«t Hw latter penetiute very rapidly. This may h# ebows 
by tekini a ^Ilsdwr, epm at both «sd«, and by eevetiug it» lower end wiUt a bkddkr or 
wtth vopslaUa parchmoat 1^,3^ immarftsd for two or three minutea i» a miictum 

of unlplmriti auid and half its volume of water, and then waiditd), or any other mem- 
braiH'tw BuUianr*! (all «ueh ettlwUneite are them#elv*»« ooUddfl ta as Inaoluble form}. 
Tb# nmmbrario nmat tm fimtly tied to U»e cylisdor, » a» sol to \mv« $0y epaslsf. 
Such an Btqtaratuv t» called a dlwfyier (%. IS), and Ure proeew of Mparation d «ryiM« 
loide from wUulde by maom of auob a mamlmse ie termed diofye^ Am aquehsa 




rw, l#.— OWpw. App«tM asr the wpwlten of eah. 
eteoM whleb mm Utrmifh « BunbrnM from thM 
whleh do not. wwrIptieH to t«t. 
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In the oonaiderfttion of tihe pTO<^ of solntioa, the ©on* 

©eptlon of diflfUsion, another fondamiMteJl eoaeeptloa is ttie«iry— 
ipamoly, that of th© mhmUUn qf mtuMons, 

cli#aolv»a par 100 i^srt# of walw, il ia powibl®, knewiiig U» twwollo iw^naift ol a W'h* 
etanoa—for laatoo®, sugar ufc TarioaB dtfr®§i of efiMWEifafatioei nd Kdtiksw—« k 1 kaowtei 
the uompoeition of ieotoaio wilutlou* wmtpawd wilh •ug&r, to datortnin# ihe 

5 }tmmn of uU the saJtn {nTOBtigatt*!. The mmoUe pw#«ur« of dlJuto »i*l«to»o» liwiennltidl 
n tblamwxnar direoUy or indirooUy {fn«H itlMi«rv«.to»w ««»}« l*y a«cl Ih Vtimf 

■WRfl Bhown to follow the BMiin laws r» thow* «f lh» |«w«fur» «»{ i ft« {fwUJH*#< l>f 

doubling or InoroftBing Hjo quuwWty of % Mlt (in a flr« rolttiiw) n Itoiw, lh« prsww d 
doublwl or IntireaBOM n timea 8n, for is a wltttia# ^taJotof mM ^rt«w( supr 

pr 100 parts of water the twmoWo pi>e«i» («»rdlBf Is Pfaiir) •&§ i #», ©f 
if 3 tmrta nf atigar* lOl'Q, if 4 pwta <» fM*! wad w «»-«wMdb pram that tte ntte i« Itw 
withlM the limit# of wrpftrimowlal tnw. (1) Dtflewml wfwteiew ft* «fml rt«wflh» of 
eolutiofiB, show rory ewaoUe pwwsurei, jaal u mmt f«r mitmi pjrta t»y 

ip eqaai wlame# show dUtowt fceiwloM. (i) If, for a fiwa dilate al 0*. A® 

oamofete p^Maw tqual^*, lh«B at f® it will b« fimter and «i»al to r** (1 + ooJMTi}, 1* 
it InmaMR with the Impemtura in wtoUy the wme mamtftr a» tiw l«n»htt of £siM 
isOTMM#. (4) U in dilute •oluttes of tndt mhwtauew u do no-t mndwt m elMtete 
oarreut (for instanoa, sow, ao#l«m«, and mmf olhw erpute Ml«»l lb« t» 

teJcoft in tlio ratio of their moleoular walghte («»nr««^ hy Ihidr ffflrwa.l»,»®« 

Vn.l, then neit einly will the twroftlio preBnufo !•« wjual, but it* ta*f»jtu4« will h# 
mlaotl by tliat teuaion whii'h wtmld Iw pnijwr to the rapitin* of tho glfen ttthitew^ 
whftti tltey would Iw eontelupd in tlm by tlw >K»U»tu>«. jM»t m lh« tenali* 

of the rai?mjr« uf molwaular t|uwititi»i of the firw nubalanwn wdl at«i d«l«. 

ttined by the law* of Qay-Luwaa, Mariotte, a»d Avof«Aro..CI«ljMtli. 'llwi** 

(Chapter VH., Notes M and §4) by whW* the fa#e««ii state trf matter te d»temiB«l, w»| 
al#o Im applied In the pw««l mm, fto, for asMtida, lh« tiiwotte pmmmm |», te <i«lik 
jcneteMof mwanry, of aoM pwriwot atdulk® of «tpr, may h«eakulatoi 
formula for pw#: 

M|»»M»0i{STi + lb 

wlmra M i« tlm moleeukr wftlfbt, * ttm wtlfbl in fmm# ^ a euhlii ewteaiitow of fup^r, 
and f il« temp*»tttf«. For iUfw M » ill (h^a»e II* »©te#kr to 

Oi,ll«Ou). The sfWftlRe fmvily ef tl*e df mpr ti l«, w^hl d 

augw » (»Htaln«d In a I per ewfc. aolutkiB • 0 ilW gmm, w» 

at f ■> H**. Emm, amrdtag to ttw fomuk, w« lad »*■ M 4^ m^fl» 

mimte MmM m at 14« gate SS'I wnym^tew, wMb »m« to item, ftl 
Ut« Holnyoufi of Mita, aplda, sAd ^iitar wb*A«^ whM m 

the eeJeolated iiwisuw l« Muallf (Imt net always to a d^alto « mallipte «4 

limes) lewM llmii the oliMifrtHl hy < tiroe*. and Ai»«f«»r dilate aidttUnn* d MgllO* t« twarly 
I, fill' ciij-* J, fur Kt'l, NttCl, KI, K.N’iij ffroal*? lb#.n 1, wmI »p|«f»!sini»l«*« In 9, ftw 
Mgl-I-#, luid tiUi»ir« lnulwr-en a wjd a, f<.r Ifl'l, N^NOj, CaNjOe, and 

olhsra nearly 9 and »»* «*it- It s»lw»ald Iw rcmarkwl ll»»i the «te>ve tlwlsipteit** mb only 
applkmlde (and wtlb m tt*»rtaiw d«fr*i« «»f wnaraiey) to dilate wdwtoiius, »»>t tn Utl* 
toMiioWn the fBMwalJiwIionB of MiuW awl Kraft (»»« Note 44! 
arithmetiwl relaUow found hy Vmi'i llitif twtwp#» tl»*« fortt»u«,8 t4 msil tibt 

tewdtton into dilate solttMoaM f*wmi» m iwpcftoJrt 4iw?«*v»rf, wltteh 

faeilltote ef tti» nalitw of wWl« ih» o*Mfw4w prtwaiWlI 

tloni aliwdy tonui a vary iwptrtenl a«p>et of th# »lttd| id Im ttit M 

!h nereawry to menlien lh«l Frwf. KonofdlwS flail, wd il^ 

di»e«vorwl the •let»H«l«w (and tl may tw a iattel^l uf Ite 

pwwittr* M}.<in the thifwronce* i*f lh« di fap«w 

Ihii, howofer. alrwwly imter* toto a dpwkl pwdaw rf «i.r.'—iiy h *««mw 4 deto 

Me i^?w to it and feUowtofh wd to Ml 



vsawanm or cmmmtMY 


Riaoi^ W U b« dUtIml to Iftetmw mi# rie«ttf|g 

mutfc to tod to itirritig, ttollftg, «r ►»»« mek ttwh^wn-asl 
But if onew A •oluliofi i» f»r«ip4, 41 will rwniwt tjwf.srm, ^0 

h®»^y tH« diiM>lt««l iuliiUts^ t*. or h»* lan^ tlw »f 4 y||i^ 
to left ftt rwfe, wbleh feet al»‘*wa |*frw^nr«» «| » toUii^ 

tog«yj« th« pArtieto of tto IkwIi’ di»4»p4 «fi4 of tt*»* '* 

nololtaJ ttf» «r «AM, **» * *1 k* »«i.. i%.a 

whleb I* ttwn te » v«w4 mmUiuU'^g &. Ois.5 lis 1,^ . t ji« 

(a «i«¥«m 4 wllb WJlIW ^Ut * m«Uin i-afi-.-J ••} IK'S*. r SI >i*3 

iba ma»birM>«, IfbJItt tha If si 4««» ^’<m• 4i« ■***> i»l 4.«« *« 

i^bjy ulttwar iul« ThweryaWlwwl f»«'i(ur».!S| |*»**e® ili» stsi. .-jiiiii 5i*» 

Uw W«W «» limA ®|4««; <1 Ws« f*,?!.® tSf t«|4»,*4n^ lisa 

water wtib ftWb «Ete«, a 4 tt» s-t 7 »t*ii.s 4 |.« ••i.-iMabesl 

4W|i«. Wbik a «y»kil«»li ti ^»l»f l.l»* rs.ss.Vf**^*, * si.-Sl.a | 

mMnll la lto» Aw^u#* « »»« fc*»4-* ,4 ^irntjiArnfm 

WM ls« ^pnUyi hwB «*ib ®lb*f Isf « th-a 8.11 B* ^ j.f*|»fi*« 4 
Mfl of tto «ii| iWr |W^«» Ar.*a#fc »**fc 

rMH»«ll0f 1H« {JwOBBWOa *bfoi» «» 

•* 4 wtay !N *• ^••• tf%.m * mi 

toma<ib#»takl (kt^al ft! *.»w, i*l !t i« »*»f» m *i*f ^iin* 

4«pjrto«ftl B< W »JUrff lis«»» t,| fcsia**** %#» «iWI 

teftte«r, »»<»» -I « 

tatwfi^wabf^w d »».! * 4 ifc® ss^.. 4 *. 4 ‘«* >4 

•HbttoMi dtoKl’rdl Md d i* mmlta u th» imUf *»• •♦fc.i.-ito.l i« 

bowai^afttt* wjWte»i«fc Vfm ibi* |*4»i »l t^w i%4# .i,#-*®*.« .4 ** 

jilmtlfip tft tba dlffftrie® d p«», »Hb <«iSf %kit 5*1^?«»e»*i*4fi» *%.-»« .4 

ar« aiff«r««4 la $mm front wbal lb»f m» to *«4 ik *^»» t»r 4 *t* iiw#* m r,.. 41 * 54 ##, 

able Welteu, wbUd te iMw lb»w h tmt* Tfcs . # « 4 i*» 4»*4 

•ttbslftaefl Into wa4«r te lilMdl to «mpitmUim. *in| fcalni. 

tftM«mbUMe wm dteartf «tpw««4 pmn H l» ^mm*A t**»* ««. 

eUetnlel, Vwtt'l KttS* has *|#» »4 4» gmmi 4e4**i 

(In a mmdt J» ttie »f tk* 4r*4#*»# >>/ t mi at. J1-* II, 

iLoJ* a® ll'4qalllbre 4 «b# fltol Ailarf, §«««»* , 4 m* 

•olntlons Ibe «molte f*»|}»»»s ik» mm* !*»• j-l 

and Art^rchOwJiMaD m fw Tl» Iffsw-w* 1.4 m «!«**t4*»4 m 

water In (letewnlntta by wwiii »»f nvnht%fui« mh^f-h lfc« »4 w^fcsf. bwl #we| 

d a rob«tejB«e to ii, m-m thm prnfmfif 1 * i ■fmm4 tm mMtmmi Ist'-to* 

pkmie M«ftbr»#a u)4 to M»»fw4 wsii,!^, 

Moh M ie obWiwrf bf Mte rf *1® |»»#w |i»,is*.-i« 

wIMb#)* Ui top ^ W m mhuk 

Wl4 ta WI^B, *#W liifwii^li II?* m %li» «-J HI** 9 «♦»•} • J 

TOS*«»i« wiM!WfW»bf W»»,d ft# 

uMmM toaift* ft# *,*1^ ^ 4 {l «»» I*» \’tm 

it* «n d 
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ON WATER AND IT8 00MP0UKD8 


6;? . 

In the oonftideration of th© proooM of lolntion, b«Eid«i th© oon- 
©option of difRigion, another fand&mental conoeption in nm&mxy — 
spamoly, that of th© mluHctm, 

diwol100 psjrlt# of waltr, it is iwmftlOf taowlng tha omotle prwaara of $, ^vm *ab* 
@twioe«-for instooe, sogur a4 mriaoB of eoneanfemWon of MioUtwi—ojcKl kaowiag 

the aomposition of !iok«Uo boUiUobb with •ogar, to dotonulno the tmmolio 

preesare of dl Uie Invustigatotl. The oamoUo prmure of diluto wtlatitm# detomoMdi 
is djisraMUior dirocUy or indirociUy (from tilHwrvaktm* ouwIm hy I’fitfftor muI D« Vrie®^ 
wiB ohown to fullttw the «a4no Uw# ah those of Ihft of gawB ; for iKataiteo, by 

doublliiK or Inoroftsing the qnatitity of k ndt (is ft firren ¥olome) n tUMwe, the |«i*ure li 
doublofl of iiif'reiiww n times. So, for emmpl*, ia a wjBtiea aeatdttlag o»« l^rlof tufm# 

r p 100 pwrtB of water tlie oamoUo prewre (aow»df«f to P‘f<i®lp)»ai'i an, »f 
a partM of Bitgar* IQl'O, if i pM •» MO'S ao4 w on, wUdbi pram that ratio i$ irm 
witWa the limits of wrj»«rlme»tid wiw. fS) sfliwtMie#® for equd of 

•olutions, show v«ry di^erent oemotio prenauns, just m gMM for ec|tial prto by weight 
i» equd voloTOM ahcr# ditemt toaeims. (6) If, for a given dilnto Kdution at O'*, iha 
pmotlo pwMtire i^wJ jp®, Ihw at f® it wiU be gtmter imd to fi” {1 + O wafiTf), i,$. 
it inmaMH with tho ImperatBK in molly the mne manner »» the tonsion of gaw# 
teortaMs. (4) Xf in dllnie nlntlms of anob sobslMOM a« do not oondnet an oImMo 
onmnt (for inetanoo, anm, aMtcma, and many other orfanio bodiw) the anlwtaMM be 
tahon In tho ratlft of th»lr moleoulwr welghto (e»nr»««Hl by tbair forranJ*, •©« Chaptw 
VII.1, then not only will tho twmotio uroMmuo Im «iuiU, but it* mafnitnde will bi d*t«r» 
ralnOfl by that totmion which would lt« propr U» tho vaj^iura of Ilia given Bul»tanoo# 
when they wouhl Iw oontaliml in lli« Bl>a«o WHiupiwI by tho stdulifm, just aa Uie tftsftion 
of tho vapour# of (ntilonulttr quantitUw of the gives wulrttMiws wdl Iw miual, and dolor- 
mined l»y tho law# of Qey-LuBW. Mwriotto, and Avogadro-CtopharsH, T1 u»»b fomola 
(Chaptor VII,, Nokm M and W) by which llw |a*»RM «tal« of mailer i« dstonttiuBd, may 
al»o l»e ttppliwl m the praioat oaae. Bo, for exawplo, the t»«*K:»tle j«aatt»p, ta o«»l{> 
metrea »f moroniy, of a ona per oent. eolulion of anpir, may b« mknlatod aMwdiof to ^ 
formnk for gam; 

Mp W MOOf (Wl + n, 

whoPt) M i» t!t« BioWular waif hi, a Utw weight in gnama of a eabte ooaUmafer® of vaj^mr, 
and f Ita toinparaturw. Par «»pir M *• Ml tbwnw Its wokenlar «apo»iMa9 |« 
OciHwOn)- Tlfi «|»oiflo pavity of U» noletkw erf anfw h VOW, hwo« the w«%hl of 
sugar s oontalned in a 1 per Mat. wioUoa » OOIM fram. ob««mrfloM vna mad# 
at i • 14**. Ewea, MM^iag to Uhe l«rm«d«k, w«'M » « it's AM «i9M{« 

SMAts eurrM tm at 14® p,v« W’S wUdh 61«7 Mtr to ttw «bM% (l| fis* 

to« adtattona of wito, aM sbaatte mtetoaMi, wUoh emdool ua oteMo ourml, 

Uw Mlculatod preMturo la ttiiaaUj (bat not always ia a deflaJto or maitipk ambir (k 
times) loBM Uittd till* obi*»>rv«l by i Umm, and 0tl« i for dUuto aoloMona of Mf®Q* It swly 
I, flip COj^ 1, fi.r KCJ, NftCl, KI, KNOji (jpeator than 1, and approxlmatoi to i, for 
IkCl}, K3 <hj,.M ul olhors Iwlwi^n # and 8, tellCl, Il980i,NaN0j,CaN.^fJ^,and 

othw« mMly 'i and bo o«. It ahnuld U« r«mtk«Kl that Mvb abovn dmluoUTOS aw only 
ftppliwibln {and wtlb m eertain of awiurwyl to dilato soIuUami, and to Ud» r«p|«ot 

rewmide llm gonoralimUoM of Miehel and Eiuft i$m Note 44). NevartbelMs, lb« 
arlthmtttimS poleUim foumd by Vaa*! lloflf b*tw«»«i the formation of vapewra and the 
townittoa Into diluto Kdattoan forms an impwtut Acimtldo ditoovatj, whioh sboaM 
Mlftoto ton mplaaation et the nattor# of Balutions, while the omhoUb imwm of mJq« 
tkms already forme a wy important Mpesl of th« etudj of tolatians. la thto rwpMl It 
In siofttsttftpy to mention that Prof. KonovaloS {IWl, and BsbiwjBsnlly othiw al») 
iiMKivorinl the thqxmdenM (and it may bo a safficimt oxphutabon) of the oamoUa 
pTWRure upMtt tilt) itofformtMu of tint tomdos# of aquwus vapoara and |t)aMa« wtlutiwa} 
ihii, howevor, already oukirR into ft epwial provisM af phyitimJ: ober^try (mfimia dAto 
an ^'TM to Koto 40 tmd fuUmriag), and to Ibis pbysiaa] tida of toe quwUoa ate bltaip 




ftlr, K) ftl»o an indefinitely large cimntily of a •4v«at »a| \m t*k«a 

<«mof lliM Mimmfi *4 iSw r»*wiBJ-ka*» «•! |«pe«» 5 n- ' - , n 

IwsiMW, whifh li thsl At* • tmilntrn m m 

bmled « m'lfttl. |l»U ta«l»H>4 1^*1 • «f r'.,|i«y 

DttntaJfting n t«ifl ot wJl ^ to" 1 4 |wt« ali«» Wsitig ifen 

perttoB ef tiw tab# ta KT tm » h«$ $«fk»l »f Hw« Tbi* «4 *i 4 wt 4 . 4 », witteh I 

now b«tog r«ry »»d ft*S% s*4ai, mmy hm 4 lw | I-ii-k-.sI si,4b, H 

otawp Mjwet l« imiwif pfc#w<«}, f**r tltm, ii*4 l^A* w^y l»o »«A 

ttoe««, but rwjttlf^ » #i«^W m4 pwttettlw r<f ftiaftsiy ifews, i 

wiKiUP or gM p«*mMs»|e« (tny olhpf r»r * wS» jt> wa 

nnl {>« Sr» Ihrt l««il P'tabb Im wwl l» -iskS® is»»4«l4» l» mf l?» #T!.»*yUria 
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MhJ ta« hf» fKifiMHl,»» * BtititW# n.| m>m% mmmf »**»4.*»ls!to.U- 
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«*» b@ wri «l»l«t»lw»4|, wiwy te (m*.! 4» m-eh 1 
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rtNwrrwJ towin} IS ft4totti*»4^ efofcib*v *-1 *<% »llj«». mlm 
tb« if»W« pwflly ftflli«*t^li *•»» fwl^ wfttof H itg-ftte lulb 

M»r«»v#f |M«ft4«>t#nS4 TA# 4mm*t4fsH0m »•/ l4#«» S§^*f0, 

Qmviti**, j«*»r«iMap iw #|iiw 4 i» |l#!. ta *1} w»l} &»><■*« »4t!iisi* 


*lta Um» *4 4lt» 4t#*»4w»< I ftft4 Sbl» *tjsf«*!4«w» *»*< l» . 
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and yot a uniform lolution will obtain^. Bnfc tnor© than a doflnite 
quantity of aquoous rapour cannot b« introduoad into a certain volume 
of air at a cortnin tcmpomture. The cxcmms above the point of 
saturatiion will remain in the liquid state,^ The rdb-tion between 
water and «ul»itanoei dissolved In it is eimidar More than a definite 
quantity of a aubstanoo cannot, at a certain temperature, dissolve in a 
.given quantity of water 5 the oxotms does not unite with tlio water. 
Just as air or a gas becomes saturated with vapour, fio Water bocomos 
satus-atud witlx a iubstanoe dissolved in it. If an ©xow of a subatanee 
bo added to water which is idready saturate with i(^ will remain in 
its original state, and wUl not dlffWe through the water. The quantity 
of a sul»tanco. (either by volume with gases, or by weight with solids 
and liquids) which is capable of saturating 100 parts of water is called 
the q/ or the In 100 gmms of water 


tpcftWl mWtwk at Um luwiwit «j?©ob ®l Was derelopmsnt &t ear (wlanee. la wetkiAa: out 
ehiefij' tlve oh«ffiiMl »id« of lelaWoos, X oemlAer it k> b# HMWMry le ro^dki Wto Iwa 
MpMto of Utti q,uttftl.lon; tbia Mim» to me to bo aU tho more poMtble, aa ttm eide is 

UmiUKl to (liluto MiluUctnn onb, wkikt W)o ohemtml elde mablf ^Ih etooog lolallOM. 

^ A Byntom of {ohomiadUy or pliysiwlly) ro-Mtlng aabetoaoe# la diffmnt »toto# of 
ftHfregftUoii" for iHstoncw, eoin-o wilitl, olbore Uuuicl or gMOOua—Is termed e hetoro* 
|«n0ou» syotem. Up to now it t« only eyetoma (d Uila kind wblob oaa l)« aubjeoted to 
detailed eKaJcdoinitm la tb« aeaee of Waa m6cslm.ni(}ft.l theory of matter. BoluUcma (i.e. 
ttnaalumted onw) form fluid bomofftowaa ayatenw, wblob al tb« present time can only 


bo lavwititfnted wiUi diflloalty. 

In ib# mm of limited aoluUon of Uqolda ta llq^ulda, ih.9dif«r0m0 b^iwg-m ih» solvent 
md the snbsimm dkmlved la oleerly Tb# former {thal t», the eoJvMt) may be 
ftddod la ea uaUwIted quantity, and yet the eolation ebtotood will always b« uniform, 
wbilat only a doflalte aataraUa* proporWon of tbo aabetenoe dlwolYed o« bo taken, 
We wUi lak« water and oommon {aulpbortB}' «tb«. On tto #tb« with too 

water, it wilJl b« iwaarkid that a porttea of it dtoolwo fa to* mMe, U Ibe «to« be 
teJte in wMb a qawUty that it eatmrateo toe water and a pwllon of it romaina nadie* 
to ffl ibte remaJiafag p«Moa wtt! aol M a Mlvant, and watM* wfU dfOue toroofb 
h8M»3*©l«»a»lw4#a of widorte to«^ib«i ®bwi tw stented 

edlnMon* wUl bo dbtaMU Ow edatiM wfll oMMb #to«r IMlv^ in water, and too 
otoor odutlon wfh wntaia water dMved hi «to«. Mdufloas wiU ammp 

IbMwlvte in two layew, aoeordiaf to toobr dwlty} too •too*«a eolttWoa of water wfll 
be on toe top. If tl» upper otboreal aolutlen be psurod off from tbo aqaooufl odufeion, 
any qum.tity of ether imy te jutdetl to it! toia abowa that to* dlooolvlng oubataaoo la 
ether. If water l>fl wlded to it, It!« no longer dlMolvod la Itj tbk abowa toat water 
oatoralM the otlwur—boro water i« the outetanea dteoobod. If wo aot la ib# samo 
with too loww kyw, wo Bbah And that water 1« too idvoat aM other' tbo oub- 
etooe diiwdvtd. By toktof diflorwt amouate of other and water, too dogroo of 
sdttbUlty ef gt hw la water, and of water in ether, may be oaoUy deteminod. Water 
i^m^mately fcdwo * of Ite voI««* of etbor, fmd other a very «mto qo^. 

Mte ©f tw im . Lot Oil now tout toe Uquld poured in dtooolves a wridorable 

awotmt of water, and that water dtadvo* a eonoldertolo amount of the %vld. 
layor* wmld not be farmed, beoauee the oataratod oolafeioni would ueoombto each otoer, 
wuttUl Intensiix ia all prop^Htoni^ TMa 1% ft oftiio Of 

ft ^kmmmum whm twu ltc|wUk pmmnk motMmhh ia 

oCr, but where it lo Impootibl© to say wbat tboM ootefflolento ai;®, booatuNi It U Impoo. 
dht# to obteln a eaturated ooluUocu 
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most important to turn attention to the mkknm qf ths mlid inmlubU 
eubatancm qf na4ur$, because on them depends the shape of ^e 
Bubstancos of the earth’s surface, and of plants and animtdt. There 
is so much water on the ©sxth'i surface, that were the lurfaoe of iub« 
fitanoMi formed of soluble matters it would oomtantl^f change, and 

(ha nombsr ot volamM oocitt[)i6d by the gu mdl Itqaidi di«i«aSirlair b oan b« «MUy od«a» 
Jatfd, TUa fcab« can rIm b« ©kdly r#mof«U from lli« apiwmltt#. Tbe lower portitm of Uila 
'tuba 'vfbun wmovwl from ibo Rppam-lM la «Jw*m to tbe i%bfe of Ito %u». It wiU b« ob» 
aorvod lURt Ito lower «ml k fumtahsdwith a m«l« aortw d, 3tobig to a nul a. The tow«r 
eurfaoo of Urn nut a la oovored wtib todjjs-ntbbw, w tbal m Miwtog Uy tob« il« 
lower «ml preeMa opcm lbs to(Ua>ru]|^f, aaU.lbua b«m«(MUy ckttM lbs whole tob«, tol 
(tn uppor «ndl ia fuaed up, Tbs m% a ia furaisM with ama o s, m 4 to lb« stM^ / 
there are oorrMpondtog tpaoM, so'^tot whw the smwed'ttp toton^ tob« to toto 
fltood /, the arma o a into theae epaoet out to /. Thto tnabtoe toe toleiml tube to be 
toted tm to toe ataud/. When the totomal tube to fixed to the etaad, tibe wUte lube to put 
toto lie right poaiUoa, aod msronry aad water are poured toto the ap«M belwMU the two 
(tubes, and eomntmtieaUbu to opeued between the toalde of the lute « and the mmury 
between toe tototrior and exterior tutee. Tbia to done by ettowr revolrtog ton tolerior 
lute or by a key luratof toe aut ateut the button part of/. The tote e to ftUed with 
gaf aud water a« follows; the tote to ranored fimn the iwaratoa, Hied wito mwaxy, 
and ton gaH to te exporlraentod on to paased toto it. The volume of the gu to nMtvned, 
Use tamjierature aud {sroBavnro detonninad, and Uve volume it would oeeupy at 0* end 
700 mm. caloulatod, A knttwn volumo of water la then Introduoed into the tote. The 
water must te previauely telJwl, no m to te quite fn»o<l frota air to wilutitm. The tote to 
then eloaed by acrewlug it dtrwn on to Ihu india-rubber on th« out. It i« to«o fixed ©a to 
the stand/, rnemtiy and water are poured toto Use intarvening s{saoe between it and the 
mtorior tube, whl^ is then smwed up and elM«d by the wrw jp, aud the whole 
apparatus to toft at rest for some time, so that the tote », utd the pe to ihruay atlato toe 
SUM tonperatore a« that of toe sunroundtog watw, 'whtoh to marked by a toMOWoetar 
k tied to the tote #. The totwkr tote to tow apdn utMod by tonatog it to the nut, 
toe oover p again tout, and toe Wtode appamtoa to ahahwt to wte that toe fu to toe 
lute « may anttody wtturato the wattw. After several toitotofs, Ihe lute s to agata 
opwed by taming it to the nut, Msd the apparatoa to Ml at t«tt fw a 6«rtotoi tta«; 11 to 
then doMd and again shahw, and m m uatQ toe wlum of pa not dimtoito sltw 

a towh ahaMng>j>4hat to, utoi wsum. OteMvaltett thM isade of Ihs 

twip«calux«,^h^l^t«( tosmwwiy to totialwtett^Mhi^to^uf (hsmtoirm 
it, and also of toe tovel uf the rtnnMuy and watw to the wtottoit tob#> iJl toiM Ml 
am nMMMFy' to order to wlralato toe usdwr whtoh the itotttltex (d toe gM tofeM 

plsM, and what volume of gM rematoa undi»wlv«d, aed alw the quantity dl wator wUtdi 
ssrvoN M too scilvstst. l)y varying the ksaparatun of the sumun^i water, the sAounI 
of gM thmilvod at varioUK tomporatnrM may b« dotormbsnd. BunsM, CariM, and 
many otoors dotonnltiMl too aotnlion <4 various ga«w In 'Wattw, aleulsol, and owlato 
ollser hqttsds, by mnans of this apparatus.. If In a detorwlnatiou of tots klml ft is found 
that « ««l>ks ftenilnmtri*# of wator at a pmasswe h dlwolva m eubio «»nU«t»lr»a of a 
given gaa, wteasurwl al 0*’ and tfiO mm., when the twspefalui* under whtob iolutom 
kwh plaee was then It follows that at the temperature I #h# qf 

qf tk 0 fftm te I vcdume «>f the UquM will te (^wd to ^ s ^ 

^nd« fomuto ia very elwly undenlMd town the fast tout the mhsA^MI 
of gaaea ia that quatslity weaauwd »t 0" and lOO mm., whWb It *1A 

of Tm mm. by one volume of a liquid. If «s oslda ©witawheM of u*l» Atarh m 

©ttaWaaelrea <4 « g»«, then mm eubte eentlfiMhrB uhwte 5. B 'g ftS, A fMi 
utewM unM a |«wwM of h nme tlwu, Moedtaf to tos tow Ito liiiWh 'it 
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liowiw rotetMuW their foniM wight H moimtAiiii, hmih* tnd 
m& thow, plants md animals, or the eetmngi of m©o^ 

oould not Mttt for my lengtli tjf 

Sulittiuici!! which u.m «*ilf »lul4e In wat^r \-m^r » rariAin 
hlpiee to it Th«i i«gar awl s*lt in niMiy of tlielr 8M|wrflria| fmtnres 

idaMlIf e# a p« wilh lh« Amm wtmi4 hm e4 

W ma&n a varyisi t« 1 &» ««i** »«« ^ 1 Ai A I« >Ui^nuin>>m lbs 

■wMoftJ vdittBW of jpk* C»**» *»»•! Imkmn btie* fc«fMs*4*salb>j* 

IWtW (WW «ivm Htttntwf «»f gfm %0 «»-l •*»ef3>l |«» ^MUS (4 

w^tar—Uuki l», Uwiy i4 tf . — 


0*»n I «ib«te4% C»a . 

. . » 

trnmmA. Cfim. . . I 

tteiihto I Awfl wwt OitlifO 

' nal|ti»t»Op »4’t4, . . 

’ , aHfti , » 

AIb». Amf%t\ . I««|« . 

SdMt • Afthf«^ ^w« Si 

Wl, MrfJI 

VKlte^lNOs . . . . 


A« B** 

M 

'k 1 

'ti 

wM : 

sti 

40 i 

8 a 

<4 j 

»f 


t*;< 

si 1 

i4 

4S 1 

» 

1 j 

»n 

iva 

B| f 



a «» ilighitf 41 m>« « f’sAf !• m 

M««| »»»h wtetew** W« » fcibl* fc»v4 «».!» « gma mm «*«f**». 

It d»*» A#** mi W **-•' |.| «»igisl lll.»i rt «s»glsl hm 

M mm WA lt« of «*» ». bs*l« |4.*y *», I«fl 

ia BfttBW Cm I« liw rWIpifsAkW tJ 6dmsl fm4 W-t» te-4 *» »S4ft»i4fc6*i«s*| «|it*«|4|y «| 0 
% w«%bl m midlf mmmtm4 t»y Tt* ■*>, « ?»«» »rtj, ««i. 

1^1119110 »i<i in Iha i«M*,Otf*!!**!'*# SWl « Mstei shi*®* «jih •»i*f »» *l| 

®h«w «» niMf »»b mmrng «i»3 «l!«* *f«t& 

(a^niuta iiJr«}« 4 | cm bw wl**! m Any |s#«|*<irtixr« muh w«i« 

^ M llw »8i9tW5#t Isa *4 

llw »«w| «'f| 

Wf# «(t»f»»ly »»R'fp|»lLil» «4 W'h « }*«jj»«r*ssi» •*» !««»4 **«! fal4*, e*|»li|* «| 

|w«4) w s.#s44i *i « Iwglwt «3«»s i|j« 

ha wtotttWl td wkftete** wt»ksl4 tm Um- I»I4» t»» •»4»# •4iij- -wi » §-,» 

ftf Awftf* to iWr Allli*«il» mmemf n tmUuia •! K»» i»m 

pwfrtwt, if W'»«*s« ift «»!*», 

«p mwmf Imm* %» n »* 

Cto ^ tibws IM» mmtf mh^ummti f»rt}ft4 to t»*i4|#* «(lsl!.li «Ja mi »i:ff 

iU#i% idCaM* to w»l«r, ttal to imikmrf |^#s* «»»f tmg t« ««»i4*sw.| •» 

(tot «»«#», bwlWB Wm ll» mm^hmrnm #4 Ifcrt |4« tot 

wWA a ^Mk«^ trf •tate •>4*4 ■«» 

It h mj toiwtol l« »«k» «lll«l4»ett>'« «l tt»s liiim y.>n 

tWfs m »*lat«}iSy} m *t »>A aM 

me% hat lh« 4*U *A *-m m% Um 

fcto* fl«lf Ian teaeh ftf mmAf^ mm mim^rni *4 4il«te 

•dItttoM Mi m llw»i ti »«»i W 

h«id», Aat mtw Ir ft Rttfuter td dum IkA dym-dm n *4l M •ftitK l'»l «i4a 

ws It 0 h«Ri«lly Mi taro# * »4eM» 'Kim giit« »a4 m»mf fv*»fci, i«|«*faiilCy 

a M pwisf) WW ^ Wito, M tel it. 
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wraind one o£ ioo. Metnlt, which nr© nofc soluble in water, hnv© no 
points in common with it, whilst on the oUior hand they dissolve eaob 
other in a molten state, forming alloys, just a» oily substonoea dissolve 
each other; for oxaraple, tallow la aolubio in potroleum and in olive oil, 
although they ar® «II insoluble in water. From this it is evident that 
the malogy qf mbsUincea forming a mlulinn plays on important part, 
and as aqueous and all otlmr solutiona are liquids, tbeni is good reason 
to believe that in the proooss of solution solid and gaseoufl substances 
change in a physical teni©, jmiing into a liquid state. These con* 
siderationt elucidate many points of ■olatlon~M, for instance, the 
variation of the oo-elBeient of solubility with the temperature and t^e 
evolution or Absorption of heat in the formation of solutions. 

The solubility—-tliat is, tho quantity of a substance neoesaary for 
Batu»tion-~vari«f mth tha tmpsrmun, end, further, with an increase 
in temperatur® the lolubility of solid aubstonoM genemlly increases, and 
that of gosea decreases ^ this might be expected, as sohd auhstano^ by 
heating, and gases by cooling, approach to e liquid or diwolved state.** 
A graphic method is often omploywl to express the variation of boIu- 
bility with touiporaturc. On tho axis of al«ioiM« or on a horizontal 
line, ternperaturofl are marhod out an’d perpendiculars aro raised corre¬ 
sponding with each tomp«»raturtv, whotc length is determined by the 
solubility of tho salt at that temperature —expreMing, for instancy on© 
part by weight of a salt in 100 parti of water by one unit of length, 
tuch as a millimetre. By joining the summits of the perpandloulara, 
a curve is obtained which «pre«*©M the degree of aolubUity at different 
temperature*. For solids, the curve i« goaerally im awwmding one—ie. 
recede from the horizontal line with the riw to temparature, Th«© 
curvM eliarly show by thedrJnclIaation the d^p«« of‘mpidity of inoreas© 
In wluMlity with the tempemtum Having dttirmln^ *©vtwd points 
el a curve^-^-that It, having made a dfttormiaatlon of the sdubility for 
several temporatujm—the solubility at intormedlaiy temperatures may 
bo dotPrtulnod from tho form of tho curve so obtained ; in this way 
the empirical law of «olubllity may ho oxonjinod.®^ Tho reaulta of 

* IiaUb| (iS»S) tm aad fuaed Umti otm of wM 

at SI** wsigW g»»ri% mA whon U^ul4, at «»lUnf-poiat 701 from®, at 4®*, 
716 a«d at W, 1W grosai., from wW®h lh» weight of a litre dl 

^ iW'4 prams al SI** d 1$ ooidd rntmAa HquWl «.t Urn* twaapairalar®, JlylUioIfijai 
piafla l« laWmlittg eh at it** It»llhy tb^ 186*8 fnwMi ©acaj^ ms SiWc 
dMwatra, from whieh h» (wftduW that tlie i»dlttU<» e«8taia«d UqailWi 

^ Oay.LttOftao wm the flrat to haw r#«»r«a lo «aah » piaj^la mathoa dt loqpreMbg 
iftltttlJity, *tttl h« ecmtf dsr*dii In aecorAanes with th® ^ptotaB,.lhai A? Johotof W 

Hm MutmitN of the urdlaatM in <m hanomioiM wnr» tl i« pmMs lo MM iSttia 

84 s&lttbUity with the How, ihM tm wm^ wwwaa.teit 

i;to owara^ of wwh sh admtahw* ter ttww tm wMwMy ©diWipotete U.iifatmm 
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howtw tholr fonat might bo, mountASns, river banks and 

ihore«, plants and anlmaKor tls© habitation* and ooverinp of men, 
eottld not exist far my lenfth of time.*® 

8 ul>ttwncf» whioh aw easily iolublo in w&tor boar a oortain wsem- 
bltnoe to ii Thui rogar and imlt In many of their superficial !wtur«i 

KlttUUif a gM wilh 111 * iwp^w, Itww# woold tea dfasolwd, BUfta** * preanuro of 
fm wm., a qaanWy vwytBf in Wie »m»® *atio m Wih. la datemlaiau thui 

twidttid vdlttWB r»f gm il« wit;n«lttn» {note I) mart b« Into 

IWhw wr« gncfin tHo ntimWr «f gmm« »4 ^vtsral Mitomlittf XM p*ai of 

witl*>jr • U»i K ll»tr »•-» ©{BfJetitin of milutUUy by ^am 



®s«'h w»Wta*ii»» w «ii#l »iti» l»ll* »** «*4lsl* Msl btiMtdb, and wwh n g-*# m uufgm, 
*ll||.i«<b ii diit^ mi »« »n Willi ft nfrt|mrUttn hf »»%hl Ihftl il wlghl to 

*8 wro ullsl »w*i tto «4 •*«» ma Itlii* o»f^« pi*? *« «n|>t«rt»«l pwl 

I# im Itt li** fs-eptfBttrti «l wkI »«« lw4 M* qtt»«14l| n| ft fM 

% mt mmilf hf ¥»4«w»» Tto ei|pi «. »hl«4» »l«»4a «» ft It**# wlfch *tii. 

*r.s4 *n »t««« taW** ifeiii?*!** itol 11 wil«»snirt».« wiA Wfttet til pi#p«rlltia«., 

TiistB at* famif wwIj m»mg l».|n»K «»sd tewlMw*, Itoi *p4«S 

|a»l»#sf4aSa s4a"l!.>4! «« W Mi «.»>f wiitj Wftfcsf. 

^ Jsisl ae iK® i« ii»4)»hS!«» 1 >.1 wlursh ftr» mi. 

4#ftias-.j'« 5-al !o (. I.ersm'allj I al ll.»3 « t.lHsarf |oii.| »fallir**- «»si «4 *»a »hlph 

*if*. en? suSy al e». !i » lcsi.|-®ita?nr«i ! s» «•»4 ftJitl allh.>n|jl» ri»|i*i4o «tf 

#*«■»»sm »«4«tjSss»a.|| <ip Ml al m «»> ftjoit |4jii» 

I*, tl wifawl »J •4j!-#ii»is»s mt» laj'Wti tei«4i»i4» m wal« wilpitil 
cf i» itotf i* pwM^f wlrtli* mk «^toii#f htm- 

rif 4^*f m ll diwrffiwi 

t% to ttot lk*t* «• mmf fcwrf te ml«i» wWph *» m »*ry 

to ««lk», tol Is* fswVi* Itof pw| to « fsk-dabi# 

|fi« titwiifi*, 9m to mtmi^vhmAm tA tot te 

m w»ikl, tlqtttrt, Ilf 

U t«#f fcuftwA# «ai itiiii tK.aiulft.fi' it«o |t.»i 

ll^ #»#»•» *4 m •tsfutoittf} Mi wwt«M»$ wiii 

b«l to «4 »»l Ite# 4*hi »4 «*«f nl to 

mif |i»«* •'•A <|^•th*8* ffef to wfcdiwltf% @f liltetei 

m4 to »l•t■*|^»l*«»l t 4 to Ifcwip II wwl to WMstW, 

to* wnte# l» m *4 A»#« mA il«*4» ft m tol mM 

fts4 frififc® « i«4bW* Tfci»i ftat ft«4 »Miy wpe^Uy 

Ii teiteto ft® am etowiiftily bf mrnkm, to!««iwil itweUf wiatite to to 
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remind one of ioo. Metals, which are not aolublo In water, have no 
points in common with it, whilst on the otlior hand they dissolve each 
other in a molten state, forming alloys, just as oily substances dissolve 
each other; for example, tallow Is soluble in petroleum and in olive oil, 
although they are all insoluble in water. From this it is evident that 
the analogy qf mdstancea forming a solution plays an important part, 
and os aqueous and all other solutions are liquids, there is good reason 
to believe that in the proooss of solution solid and gaseous substances 
change in a physical sense, |»««iug into a liquid state. Those eon* 
eideratiouff oluoidato many points of solution—os, for instanee^ the 
variation of the co-etfloient of solubility with the temperature and the 
evolution or hbsorption of heat in the formation of toluUont. 

The solubility—that is, the quantity of a substance necessary for 
saturation—wnw with tAe temparatwn^ and, further, with an Inoreas© 
in temperature the solubility of solid substanoM generally inereases, and 
that of gases decreases j this might be expected, as aoUd substanow by 
heating, and gasos by cooling, approach to a liquid or dissolved state.*® 
A grapliio method is often omploytKl to express the variation of solu* 
bility with tmuperaturo. On the axis of almoiww or on a horixontal 
line, t©mperatun« are marktui out and jvorpendiculars are raised eorre* 
spending with oaeh t©mf>erature, whose length ia detormined by the 
tolubility of the salt at that temperature —oxprM«ing, for instanoe, on© 
part by weight of a salt in 100 parts of water by one unit of length, 
such M a millimotro, By joining tho summits of the perpondicularii, 
a curve is obtained which eotprWM tho degree of aolubility at diflbrtnt 
temporaturw. For solid*, th© curve li gonerally an oioending ono-~ii. 
rooedes from the horteontal llai with tlm rtoe in temperature, Tliw© 
ourvM dwly show by thdrinclination d^rt© ©rmpidity of inomi© 
in wlttWHfcy with the tewptmtart. Having d8tir*oin©d pdnU 

of a curve—“that is, having madi a dotermiimtlon of tho •olubillty for 
several tomperatun*—tho solubility at intermodiary tomperaturo* may 
Im dotonulTUHl from tho form of tho curvo » obtalm«l ; in this way 
tho tnnpiricnl law of feolubUity may bo oxamimxl.** Tho rtwults of 

** IleUb^f (IWSS) w pwaOn, ««l fuuiid tl»l litr» «4 »“Uii iwafla 

at il" welgtrtd OTi piun@, Mti whoo at tU» »»', "Sm rt 

ffaaw, aad at flO", 7tt? gmiii*, fiwa wW«h tU« w»ighl t»f «. litre of p-waSn 

twmM b« ipMMSt tJ,® If i| »«14 irwtioAa at that %’diioift^ 

»U4 pwPottB ki JttWeatt^ oil a* M** ItwChj? loatwl IW i fftw* ©a* talte 
toimetr#, from wfakh b* that Uw «,4uWisa «>»toW94 Uqiarfirf 

^ CIa^'Lumm wm the ar«t iu have rMwurM hi ftwb a p»|4tl« et 

SOltthiht^, SHil he TOliwiileTOl, to occMfilMica with ih« th*4 hf up 

tbs aammiU (4 tlie oohmiM in «-•»« harmi«i«itM emnra It in puMhltt to wpw ite wttrt 
of Kilululit^ with ih# impwiatiM. Now, thm on muf tmmm te 
Mwaiy d twh sa oAaWtws, tar lh» am to mtm ^ 
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research have shown that the solubility of certain salts—as, for example^ 
common table salt—varies comparatively little with the tempersttiro}. 
whilst for other substances the solubility increases by equal amounts 
for equal increments of temperature. Thus, for example, for the 
saturation of 100 parts of water bypotasaium chloride there is require 
at 0°, 29-2 parts, at 20®, 84*7, at 40®, 40*2, at 60®, 46*7 ; and so on, 
for every 10° the solubility inorooses by 2‘76 parts by weight of the 
salt. Therefore the solubility of the potassium ehlorido in water may be 
expressed by a direct equation i n oa29*2 d- 0’276i, wham a mpr&mnbi the 
solubility atFor other salts, inoro oomplioatod equations am required. 
For example, for nitre: a:s=13*3d-0*674<4-0‘0l717i® +0*00000361®, 
which shows that when <«0® cmlS’S, when «w20 *8, and when 

«=rl00® <1=246*0. 


Curves of solubility give tho meana of citimating the ammni qf 
salt separated by tho cooling to a known extent of a solution saturattd 
eolubility (for oxaraplo, of sodium sulphate, as ahown furthir oa), ami it may b« iJial 
deAnite compounds of dlBBOlvod subBtaa'eeii with water, fa dcesmpwfftf wllhi kawwn 
limits of tomporaturo, givo orltioal points more dftea than wottUi b« lm«fl»«d| tl WAf 
oven bo, Indood, that instead of a oontinnoas cam, noIubtUty* ehmdd be 
not always, then not unfrequenUy—by Btndght at brokm Unea. Aoeeidiag to Ditto, tee 
eolubillty of sodium nitrate, NaNOj, le expresned by the foUowfaf tigmm p&r loO port* 
of water:— 

0 ° 4 ° 10® 16® ' 91 ® so« aa® ea* 

CO'7 71'0 7fl‘8 80'fl 88*7 09'O 118-fl tU'l 


In my opinion (1881) those data slmuld be expressed with Miwtitude by a itralght line, 
C7-6+0'87<, wliiob entirely agrees with the results of exprlmant. Ae«»alitig bi tbi# 
tbo Aguro oxproHBing tlio solubility of salt at 0® aKoeUy oolnolAe# with the eo»|»»lita 
of a deAnite ohomioal oompound—NaNO®, 711^0. Tim ©spartawto made by Ditto 
ehowod' that all saturated solutions between 0® and - IB’?** Imve Bueh » 
and that at tho latter tomporaturo tho Bolutlon completely KjlkUAM Into mm hntno- 
gonoouB whole. Between 0® ond ~16«'7 the solution NaNOg7H/) does noi tl»p,w|| 
either salt or ico. Tims tho nolubility of WKlium nitrate i« «pn'»»«d by a bf..k»fi 
straight lino. In recent times (IHHh) fitar-l (liwovor««l a mnidar ph«n..in«i..n 
In many of tbo sulphates. BratidoM, in 1 h8«, oIii.wb a ditiiinun.m ui »4!ibi)itf 
below 100® for manganoeo sulplmle. The pereeitkga by weight {*’,#. i»r Kw parto 
of tho solution, and not of water) of saturaillon for fenrouii iitUpitalfe, F«iltb fft»w 
*-2 to +0Q®®18'6'H0'87B4t~"that la, the solaMlity of (hi mII tentwiM. Bw Bgl a b tllty 
remains constant from 08® to M® (aeeoraiag to th« taluMUto ttta 

this divergence of opinion teqvOtM prooD. wd fcw» to IW® {| Ml« u *lW ii- 
O'Oeecf. Hence, at about +188® the solubility ahould a»d tW* bw b@« «wlm»d 

^ «*«« 

66 and OS'S^o. at 02®, and this maximum amount of »lt In th» wdtttltw vew tmrh 
oorroeponds with tho oompcBiUon F«804,X4H»0, whioU miulrw 87’8 n© l-v!Ii wkJ 

b»„ „ia, lu. .««. tlmt u.. a,i. ,™„ I 5 

InyoBtigation, which should have In vkwtha euWm wale of »olub*htv.-fr,.i!i itm f. r., 
atlon of flomplotely soUdiAed solutions (nrynhydratw, whioh we «haU «t»sA! *4 nw«i«fV 

nerSiwr *0® idielr BolutUmS, U thisk MemnplWwl ft btata ^ 

pomturo (for mimganoso and oodmium sulphates thare i« on «tot 
to Aard), or to the formation o! a ooastant solubility (ten 

Wity, aooordmg to fitard, remains constant from 168* lo MS® oad «iml* Si-fl 0.6.1 
(8eo Chapter XIV., note 60, eolublUty of CoOk.' ^ ^ ^ 
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At a given tempomture For instance, if 200 parts of a solution of 
potassium chloride in water saturated at a temperature of 60'* be taken, 
and it bo asked how much of the salt wOl be separated by cooling the, 
solution to O'*, if its solubility at 6O'’«»40*7 and at O^mSO'S? The 
answer k obtained in the following manner’ At 60® a saturated 
solution contains 4;6’7 parts of potassium chloride per 100 parts by 
weight of water, consetjuonUy 145’7 parts by weight of the solution 
contain 46*7 parts, or, by proportion, 200 parts by weight of the 
solution contain 02'7 parts of th© salt The amount of salt reraainiDg 
In solution at 0® is calculated oa loUows: In 200 gi»^ms taken there 
will be 137-3 grams of water | consequently, this amount of water is 
©ai»ble of holding only 40-1 grams of the salt, and therefore m lower¬ 
ing the temperature from 60® to 0® there should separate from the 
solution 62*7—40*1 ■522*6 grams of the dissolved salt. 

Th© differenee la th© solubility of salts, &o., with a rise or fall of 
temperature is often taken advant^ of, especially In teohnloal work, 
for the separation of salts, in intermixture from each other. Thus a 
mixture of potossiura and sodium chlorides ^thia mixture ia metwith in 

nature at Stassfurt) is separated from a saturated solution by subject¬ 

ing It alternately to boiling (evaporation) and cooling. The eodiura 
ehlorido separatM out In proportion to tlm amount of water expelled 
fcpom 'ttie solution by boiling, and !s removed, whilst the potassium 
chloride sepamtes out on oooHng, as tiie solubility of thk salt rapidly 
decreaws with a lowering in temperature. Nitre, sugar, and many 
other soluble sulMtanoes ore purified (refined) in .a iimilar manner 

Although in the majority of oa^ the solubility of iolids inoreosM 
with the terapemturo, yet there are iora© solid substanoM whcae 
iolubilltiw deortMi on heating. Okuberih toK^ or sodium enlphate, 
formi a partioukrly Instruolive wmmj^e of th© ©Me in qucetlom li 
tlili MJt be taken In. an ignited state (deprived of ito 'water of 
ci^stalUiiatitm), then it« solubility in 100 parti of water vari« with the 
temfH'rn.turt) in thi» following rnannor ; at 0 ®, 6 jmrta of the salt form a 
M^tumttHl dilution , at 20 *’, 20 jtarti of the salt, at 33” more than BO 
parta, Tho Bolubility, a* will Ito wMm, inortwsea with tho ttsiuiHsrature, 
iw is tho mmi with nearly all talts j but starting from 33® it suddenly 
dlminWiei, and at a temperature of 40'*, 1«8 than 60 jmrta of tho salt 
dfaolv©, at 60® only 45 part* of th© salt, and at 100® about 43 
parts of tho salt in 100 parts of water This phenomenon may be 
traced to tht'i following facto : Fimtly, that thi* salt forme various 
ccjffi|x^und« with water, as will bo oftorwardi explained ; atwndly, 
^t at 33* th© compound NaiSO^ + IOni-O formed from the ^utoi 
At lower tem|WfmturM| melts; Mod tddrdly, that m tyapm’otlaa At a 
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temperature above 33® an anhydrous salt, N'ajSO^sepatntm out. It wiU 
be seen froifl this eixample how complicated such on apparently simple 
phenomenon as solution really is j and all data oonoeming wlutiona 
lead to the same oonolusion. This complexity becomes evident in Invai. 
tigating the heat qfiolution. If solution oonriated of a physical ohange 
only, then in the solution of gases there would be evolved—and in tha 
solution of solids, there would bo absorbed—just that amount-of heat 
oorresponding to the ohange of state; but in reality a largo amount of 
heat is always evolved in solution, depending op the toot that in the 
process of solution chemical combination takei place aocompanied by 
an evolution of heat. Seventeen grama of ammonia (this weight wr- 
responds with its formula NHj), in pawing from a gaaoou* into a 
liquid state, evolve 4,400 units of heat (latent heat)} that is, the 
quantity of heat neowsary toxaise the. temperature of 4,400 grams of 
water 1®. The same quantity of ammonia, In diwolving ha an exo« 
of water, evolves twice as much heat—namely 8,800 units—showing 
that the combination with water is accompanied by the ivolutlma df 
4,400 units of heat. SHurtber, the chief part of this hw^t k itpdrated 
in dissolving in small quantitiw of water, eothat 17 grams of ammaeda, 
in dissolving in 18 grams of water (this weight oorrMponds with its 
oompositioa HjO), evolve 7,635 units of heat, and therefor© the fw* 
fnation of the solution NHa+HjO evolvw 3,136 units dl hwit b^ond 
that due to the change of state. As in the solution of gasM, the hwA 
of liquefaction (of physical change of state) and of ohemiwi wmbination 
with water are both positive (+), Uierefore in the saiutim qf pm§i In 
water a heat effect is always obierred. This phoaomenon is dlfifeimt in 
the solution of solid substanow, because ^elr patiago from a solid to a 
liquid state is accompanied by an absorption of heat (negativtt, - hmi), 
whilst their ohemiool comhixMitioa with water k awomjmnitxl by an 
evolution of heat (+ heat) j oousoquenlJy, thdr sum may either bo a 
oooUng effect, when the p^iive (chemical) portoa of heat k than 
the negative (physlwl), or it may be, » edutmiy, a hw^sg 
Thk is actually the oaee. 104 grams of sodium tWw^phate (MBptoytd 
in photography) NajS408,5H80 in inditing (at 48®) e^rbi 1,700 anile 
of heat, but In dissolving in a large quantity of water at the ordinary 
temperature it absorbs 5,700 units of heal^ which show* the evolution 
of heat (about + 4,000 units), notwithstanding the cooling effeel 
observed in the process of solution, in the act of the ohemioal com« 
bination of the salt with water,** But in most ««<«i ioUd suitelwaow 

“ The Iftteat heat of fuaicm ia daUBmJaed at IJbs tampawtar* ©f fattao, wMbl wlate# 
tokoB place at the ordinary tomperatnr^ and one mwt thtok that at IW* tomp«ra*nr« 
tha latent beat would be difieront, just w the latest kmit d v«k# «llh 
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in dissolving in water evolve heat, notwitlxstanding the passage into & 
liquid state, which indicates so considerable an evolution of ( +) heat 

Ihts (sea Note H). whloh, in dlasolving, dialntogmiion of the 

partioloH of both the Bolvent twid the subattuioo diasolved tolcea plaee, a procoBfl whioh ia 
JtB mooluuiJoal aspeet rteombloB ovapomtion, and therefore must ooiibuiho inuoli boat* 
Tlia beat emitted In the aolntion of a wdid rau«t Umreforo be oonBidorod (I'eritonne) as 
«omi>o*ed of time faetora—(1) pcwilivo, Urn odeot of combination j (a) negalivo, tho effoob 
of tronaforonoe into a liquid atato; tuul (il) negative, the offeot of diwntegmtitm. In the 
eolnlion of a Ibiuid by a liquid tho Mootmd faolor ie roniovod ; and therefore, it the boat 
ovojved in ('(iiubinatiim ia greater than that ubMorbecl in diftintegration a boating effoot ia 
obeervod, and in tho rovorHC om« a cooling effect; and, kideed, aultdmrla aald, nloobol, 
and many liipiitlM evolve heat in dieaolving ia each other, But the solution of chloroform 
in carbon bUmlpkido-{Bu»«y and.Bingot), or*of phenol (oh aniline) In water (Alex4&S), 
prcKluoea cold. In the solution of a email quantity of water in aoetio aold (Abathaff), or 
hydrocyanic acid (BuBsy and Binget), or amyl oloohol (Alexdafi), oold i« produced, whilst 
In the iolutitm of theae nnbatanoea in an 6Xomn of water heat k evolved, 

The relation ©slating betwaan Ure ftolubiUty of Bolid bodies and the bent and tempera* 
lure of fuiion and aolution baa boen nludied by many invostigatorB, and moro reeently 
(1808) by Hohrllder, who atates that in tlio solntien of a solid hmly in a solvent wliich 
doo» not act chemically upon it, n very eimple prooess tokea plooi, which differa bub little 
from the inlennisluro tif two gaHoa wliieh do not react ebemieally upon each other. The 
following relation lii>lw('im tlui heal of wolutitm Q and the beat of fusion p may then be 

taken i . cuinttant, where 'J\, and T aro the abwdnte (from — 078'’) temperatures 

i,) i 

of fuiion and naturation. Thuw, fur inetanee, in the cane of naphthalene the caloulated 
and obaerved maguitudea of Ibn Iinat of wdulion dtder but uligltUy from each other. 

The fuliimt infonimtiorj eoneeming tho wdutiou of liquide in liquidw has been 
gatliorml by W. T. AlesdelT (IBHft-18H6) i the»o data are, however, far fretm being 
auflleient to wdve the ntasa of problem* lowpeoting Una Bubject. lie ahowetl that two 
liquid® which tiiwMilve in iwh oUtor, interwJs together in all prtqKirUona at a oortaia 
temperature. Thus tho nolubihty of phenol, Call/), in water, and Um txmverae, k 
hmiteil \i|i to "(1', whilst abtivo tln« tentjawtura they intennis in all projiortionB, Thia 
i* «ten from tho following flguroa, whiw p is the iKtmmta^a amount of phonol and f 
Ute tenijwratura at which the wdulion biwomw turhid—dhat ia, that at whloh it ie 
aalurated 

p * 71S lO-iO 18-M M'16 mB6 8fl'70 48*88 «1'1S n*8t 

f-F *8« W« flt* ffP t7» «« »*• 

It k esMtty the mmo with Urn aolttUcm of b«Mn», anOifla, and other mhttanom in 
taolten sulphur. Atesdeff diaeovered a nimllar complete tatermistara for Molutions of 
•wxinilary tmtyl alrtdud in water at alaiut 107"; at lower temp«'rutHr«B tho aolubility ia 
not only Inmted, but Iwlweeu Ml'* aiol 70" it in at itn inininium, bolh for Bolutionn of Um 
aleobid in water and for water in the alixilud ; and at a temperaluro of 6" both aolution* 
#sUib)t a fnxdi change in Uietr Miate of aolubdity, so that a tudution of Um alc<ibol in 
water which i« aaluratwl Wtwwn B" and 40" wdl Irta-onio turbid when heaUHl to 00". 
Ia the wdution of liquids in liijuida, Atexdnff olmwvwl a lowering in temi«sratur» (aa 
ahsorptkm of hwtj and an atwonco of cliangu in niwofic heat (ctdculateil for the miKlure) 
»ttbb rnora fraqtwmlty than bad l»Mm dona by prevuma obaervefa. Aa r«^ard» hi» hypo* 
tbaata (in the oasio of a weebanioal and m»l a chtoinieal repreaentelion of eolttUaai) feat 
i»bata«»«i in wdotion pr»a«f¥« thair pbyaical atates (m gaww, hqttkk, or wdMs), It I* 
vary •doubtful, for it would nije«*»»liate ailniitting lb« ptmmm of ion ha watw «f ita 
ttpottr. 

From wlmi low bean wid above, it will l» eloar feat ovi« In w vvg »Impl« a CM® tm 
•olnUm, it k impowible to cateulate fen Imt omitted by ehemlMl adiMi alomi,M^ feat, 
ifea ohmlMl prtmcM owMt b# Miwmted fr«a fe« j^hytted ^ mMhaaihah 
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in the act of combination with water that it caoe^s fh© absorption d 
(-) heat dependent on the pas^go into a liquid state, Thus, for 
instance, calcium chloride, CaOlg, magnesium sulphato, MgS 04 , and 
•many other salts evolve heat in dissolving; for exampH 60 gTanw 
.of magnesium sulphate evolve about 10,000 imiti of ht^t. Thewrfora), 
'in the solution o/ soUd bodies either a cooUng®® or a hwating^ offoot Is 
produced, according to the differeno© of the reacting afHmtiofl, When 
they are considerable—that is, when water is with difficulty aeparated 
from the resultant' solution, and only with a riao of tcm|mfatur# 
(such substances absorb water vapour)-r-thon much heat ii evolved In 
the prooosB of solution, just as in many imctions of direct oombination, 
and thoroforo a considerable boating of tho solution ia olM»rved. Of 
such a kind, for instance, is the solution of sulphuric acid (oil of vitriol 
HaSO^), and of caustic soda (IfallO), &&, in water.” 

Solution is a reversible reaction j for, if the water btt oxpolkid from 
a solution, tho substance originally taken is obtained again. But it 
must bo borne in mind that the expuWoa of the water taken far 
solution is not always accomplished with equal fodUty, beoanso water 
has different degrees of ohemieal affinity for the «ub«tant» di»olv©dL 
Thus, if a solution of sulphuiio add, which mlxM with water in all 
proportions, be heated, it win bo found that very diffiaimit dl«gr«« rf 
heat are required to expel the water. When It is In a large 

The oooUng «llQct pcodttced la U» BoJeUoa ©t #olld* («uad sJ»a fa th« espwudba of 
gaseB ftBd in ovaporatiou) ig applied fa the o/ Um itmpm'-Murm, 

toinm nltrttto i% v«iy oifan n^ lor this pnJt|K»c; fa dSwolrfaf fa w»tw it n 

unrtfl ol bent per e^i part by woigbl. U» evapamtiag the ftolnWcm tba* fcmwBd, ^ 
floBd salt ia ro-obtolned. The AppUoatioB ol tb® mdimfimrinf is ImmA « 

tho samo principle. Snow or brobw !» Ar«qamUy wbm fate the ecnnpctaiUiw t4 Uwt®# 
miwitiret, advantage being token at ita lM«nt beat ol fa«k» fa «4®r t« obufa U» 
lowest jpoaalblo temperature (wiUwut nlterfag tho prelaw m employfai heat, In nlJwr 

mithods at obtaining a low temperature). For labowkwry »oA iwturim ia offaft 
hod fa a mixture el three port# at mm and am pai ©1 WBSWtt wit, wbteb ma*m tt» 
temperature fa l«dl from 0» to -Sl« 0. Foteodam Efilia, with 

water (f by weight ©1 the etidt) glwes a illtt tow« to pufte t4 

erystoUised eoldam ehlwids, vHIlih, mm d itww, te 

may even loll from 0® to -*@5®, 

The beat wW«h is evolved fa eolwttea, «ewa fa too dUatk* etBdiatonn^ fa 
fometimee mode one ot fa proctioA. Thun eanalio code. (HoHO), fa dtailviijf w tm, tho 
•^ailiion of water to a gftrw BolaUoa of it, evolve# #o mu* heal that ii »» fa»b 

In-a steam botfar, whioh ha# been pfevionely heated to the boUJitf point, att«ll»r fastfar 
iB placed oontolnfag oaustie soda, and eshantt «toam fa made fa jw*a Um»«ih ib* 

latter; the formation of steam thw goe# on for a wmewhat lanf i»rioct of Unw wlih«»l 
any other healing. Norton nmk## am ai tfa# te emokele*# rtreet 

«i The temperatureB obtefaed by mfatog mosohydrated sfaphtwfa wJA 

©tHereat quontitioB of water, are rhewn on the. tow®#! oaws fa %. If, wMft p» 
portfans of both subBtane^B being expretsed fa pmate^ by wrifhl aJtwf the beri- 
wmtftl <mlB. The greatest rlie.ol temperature fa 140®. It o«rrt»pc«d* with the gtmim 
evolution of hea,t (given •op^th® middle ourve) eonoepondiof '^th a dfafimio v«taao 
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water is given off at a temperature slightly ab6vo 100®, but if it bo in 
but a small proportion there is such an affinity between it and the 
sulphuric acid that at 120 ®, 150 ®, 200 ®, and even at 300 ®, water is still 
retained by the sulphurio acid. The bond between the remaining 
quantity of water and the sulphuric acid is evidently stronger than the 
bond between the sulphurio acid and the excess of water. The force 
acting in solutions is consequently of different intensity, starting from 
so feeble an attraction that the proportioe of water—oa, for inetanots, its 
power of evaporation—are but very little changed, and ending with 
cases of strong attraction between the water and the substance dk- 
solvod in or chemioally combined with it In oonsideration of the very 
important significance of the phenomena, and of the cases of the 
breaking up of solutions with separation of water or of tlm subetonoe 
dissolved from them, we shall further discuss them separately, after 

(100 ao.) of thi aobUoa pwaaoca. The top eorrs the dogrto of oontmotioB, 

wWoh «d»o ooTOBponclB with 100 volamOB of aolntlon prodttotd. Tho g m it e at oo». 
tmoMon, h.b ivIho tho groatoat riiw of fcomperaturo, oonfflapondg with thi formtloa of «, 
triliyamti', naB() 4 ,aIt.j() (i».70U p.o. HaHOi), wldch very likely ropsata Itaelf to t, dmilu 



tn, «pr#gring tfcw eentnaettM), QBanUty of mi rim of tmipmtttr# prodo^ ^ 

mhdag imlpbwo aedd wftte. lP«wa^ of u ftw atoag the Mb of Awtaa 

iom in other wtloticmn, although oU tho ihraomona (of watrootion, ewltttiouof hMl, and 
tlB® of U«ni»rft.tar«) arc vary eomplas fmd wr« d®pead«t ea many elwamslMns*. Cm 
wouM tltiuk, however, judging from the above momplM, (hal ^ ottmr iaflumoM im 
fMbkr in Mbiolr MUon Uian chemlMl ottaraolkm, W'hsa it Is so MoMmAdir M 

betwMa miphwrio Mid «ad wUm 
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having acquainted ourselves with certain peoniliaritidb of the soThtic^ 
of gases and of solid bodies. 

The solubility of gases, which is usually measuted by the volume 
of gas ® (at 0° and 760 mm. pressure) per 100 volumes of water, varies 
not only with the nature of the gas (and also of the solvent), and 
with the temperature, but also with the pressure, because gases them- 
selves change their volume considerably with the pressure. As might 
be expected, (1) gases which are easily'liquefied (by pressure and cold) 
are more soluble than those which are liquefied with difficulty. Thus, 
in 100 volumes of water only two volumes of hydrogen dissolve at 0® 
and 760 mm., three-volumes of carbonic oxide, four volumes of oxygen, 
&C., for these are gases which are liquefied with difficulty ; whilst 
there dissolve 180 volumes of carbonic anhydride, 180 of nitrous oxide, 
and 437 of sulphurous anhydride, for these are gases which are rather 
easily liquefied. (2) The .solubility of a gas is diminished by heating, 
which is easily intelligible from what has been said previously— 
the elasticity of a gas becomes greater, it is removed further from 
a liquid state. Thus 100 volumes of yater at 0° dissolve 2‘6 volumes 
of air, and at 20° only 1*7 volume. For this reason cold water, when 
brought into a warm room, parts with a portion of the gas dissolved in 
it.*® (3) The quantity of the gas dissolved varies directly with the 
pressure. This rule is called the law of Henry <md Dalton^ and is 
applicable to those gases which are little soluble in water. Therefore 
a gas is separated from its solution in water in a vacuum, and water 
saturated with a gas under great pressure parts with it if the pressure 

» If a volume of gas v bo meaaured under a presBure of \ mm. of moroury (al|.0°) 
and at a temperature t° Centigrade, then, according to the combined laws of H^ylo, 
Mariotte, and of Gay-LuBsoo, its volume at 0? and 760 mm. will equal the product of t» 
•into 760 divided by the product of lx into l+a<°, where a is the co-ofidoient of expanaiom 
of gasea, which is equal to 0-00367. The weight of the gas will be equal to its volume at 
0° and 760 mm. multiplied by its denaity.referred to ait and by.thi weight of one volume 
of air at 0° and 760 mm. The weight of one litre of. air under these oonditioUB being » 
l^aOS gram. If the density of the gas be given, in relation to hydrogen this must be 
divided by J4-4 to bring it in relation to air;'If the gas be measured when saturated 
with aqueous vapour, then it must be reduced to the volume and weight of the gas when 
dry, according to the rules given in Note 1. If the pressure, be determined by column 
of mercury having a temperature f, then by dividing the height ot the ooluma by 
l+0-00018f the corresponding height at 0° is obtained. If the gas be enclosed Jn.a 
tube in which a liquid stands above the level of the mercury, the height of the column of 
the liquid being = H and its density = D, then the gas will be under a pressure whibh 

is equal to the borcmetrio pressure le.ss where 18-69 is the density of mercury. By. 

tShese methods the quantity of a ^as-js-deteimined, andly observed volume reduced to 
normal conditions or to parts by wdight. The physioal 'data oonoeming vapours and-, 
gases must be oontinually kept in sight in dealing with andiheasaring gase'S. The studenh 
must become perfectly familiar with the calculations relating to gases. 

60 According to Bunsen, Winkler, Timofeeff, ojjd othera, 100 vols. of water under a 
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be diminiebed. Thus many mineral springs are saturated underground 
with carbonic anhydride‘under the great pressure of the column of 
water above them. On oomingto the surface, the water of these springs 
boils and foams on giving up the excess of dissolved gas. Sparkling 
wines and aerated waters are saturated under pressure with the same 
gas. They hold- the gas so long as they are in a well-corked veaaol. 
When the cork is removed and tho licpud comes in contact with air at 
a lower pressure, part of the gas, unable to remain in solution at a lower 
pressure, is separated os froth with the hissing sound familiar to all. 
It must bo remarked that the law of Henry and Balton belongs to the 
class of approximate laws, like the laws of gasM (Gay-Lussac’s and 
Mariotte’s) and many others—that is, it expresses only a portion of a- 
complex phenomenon, the limit towards which the phenomenon aims. 

The matter is rendered complioated from the influonoe of the degree of 

solubjility and of affinity of the dissolved gas for water. Oasea which 
are little- soluble—for instance, hydrogen, oxygen, and nitrogen —follow 
the law of Henry and DaltoU the moat closely. Oarbonio anhydride 
exhibits a decided deviation from tho law, as is seen from the determi- 
natit)n8 of Wroblowski (1882). Ho showed that at O'* a cubic eonti- 
metro of water absorbs 1 ‘8 cubic oen’timetro of tho gas unthm a pn^ssuro 
of one atmosphere j under 10 atraosidioros, IG cubic ooutimotros (and 
not 18, 08 it should bo according to tho law); under 20 atmospheres, 

pressure of one fttmoaphoro til>«orb (Jbi following volames of gtw fmwBUrftd nt 0* ivnd 

760 mm.):— 

lSd4S67U0 10 11 

0" 4-88 8-86 2‘18 1707 8*84 180'g 487-1 ttaS'fl S‘4 104080 7'88 

a08 8'10 l‘S4 l‘B3 001 8-89 0?-O 900-g 669*9 8’6 M4M 4*71 

1 , o)cyg«} % alttregen { 8 , hydrogj 4, CMbcivio anhydride j 8 , murboam oxide 5 6 , nlferoua 
aidds; 7, hydre^n sidphlde; 8 , ftHlpharoMi anhydiido; 0, mmli fiwi 10, ammmla; 11, 
nltido osddt. Tlie deomwe ^ sdubOl^ wl^ a rise of tmpmlara wdm lor dUflerenl 
goMS; it ifl pttater, the gtmter the molMular wdghfe of the gM. It Is diown by eidmla* 
. tlon ttmt tills dwsroMa varie# fWInWir) m the eube root of tho wolomilar woight of tho 
This is soon from Uie following table: 


XXtmww of MlttblUty pw 
:te"luiwe«nt. 

Oalw root of nmltMUliur 
wrtght 

liatto l»et.w«en 
and (tube root, at uiul. wt. 

II, 

i6'8a 

1*969 

19-17 

% 

64>8a 

8*087 

11*80 

00 

84*44 

8*087 

11*84 

NO 

80*94 

8*107 

11*00 

0 , 

80*88 

8*1?6 

11*61 


Tho dooroMo in the eoefflolent of absorpUon with th« tomjporafearo mart be ocmnnole^ 
iwiih a ohango b tho phydeal prep«rtlei of tht water. WiaMer (1891) r«tMtod aoertalEi 
vdyaMoa betwem tht Internal Motion imd ^ ^«fllotent ^ abswptto at vudto IWf 
|i«rat«tes. 

#5 
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26‘6 cubic oentiraotres (iostei^d o! 36), mil under ^0 atiwMph^ww, 83*7 
cubic oentimetrci.*' Howew, m the resimrcbwi trf Kwjhewjff «how, 
the absorption of carbonic anhydrnlo within certain lirnita t»f chanp 
of pressuro, and at tbo ordinary tsunpraturr, by water and even by 
aolutions of salts which ,aro not chemirally chanjitMl l>y it, «>r do not 
form compounds with it*~vory clo««sly follows the kw nf Honry and 
Dalton, so that the chemical bontl Injtwmm thin gaa and WAt-«)r i» «a 
feeble that the breaking up of the solution with wpiiration ««f the gat 
is aoooraplishod by'n deorease of prewurti alune.^^ Hie vm^ %n ditrerent 
if a considerable affinity exkti tljn tlitttikwl ga* ami watnr. 

Then it might oven bo oxjHvtwl that tho would not l»o witirnly 
eeparatod from water in a vacuum, as ehould k» the with gaa« 
according' to tlie law of Henry and Dalton. Hurh 'ond, in 

general, all those which art vory » 0 lttblii—exhibit a {Hsiiiict dnvkllott 
from the law of Henry and Dalton. Ai exam|d««, nmnwitiaand hydro* 
chloric acid gas may bo'tekan. The former i« •eparmltwl by kdllrig and 
decrease of pressure^ while tlie latter it not» but tlwy Iwth deviate dl** 
tinotly from the law. 
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It will be remarked, for iattanw, from thii tebk that whilst the 


The#® flpiws show that U»@ «# Am-tmma will* mn t4 

pre»Bttre, nolwiUisUflding that the Muriwkl® Mitf4rl4« a« » 

mailer of fwl, liquefied earbeole imhfdfkk »iw« fi«t «.».4 »t»w» n*# 

exhibit a rapid iitwtosa in ftcdublWi’ al <t« twnpmlw# »*f Ttosi 

In the first ploeft, that »luUo« do#« nel eoii«i»l is «*4 in i|j» mmmti j4*8« 

that the solubility of a Mibitan* It b| n iw-ttliAf »4 »»l«t <<*f Itw 

lubitame di*»olvto|. WwWwritt «iii4wdi ii ^iW# Ut « 4i»»«4f«4 

mmeetaiM m a |m. SMi to irfawrii fmw mnimnu,m,u, 

&« tiM fflUuAw d PM la a rttwl to, fat gmm d mmmA 4«»rtite4, imwmtf 
pfopeitlMiiI to to iquMi mte ef ^ wWiite* i4 <*««.*• ««!#. 

'able# (jW STote 14). WwWew^ ebewtd to wai,r. II,«, Ut wWW 

anhydride, 00», few to ftol tot»» wtpwhng »»« A 

(ComFeM*a at 0» tmder a nreewte d W to C* C*l|» 

tako8plaoofromtocW«oa)avw7w»»te««4#fiitii«ety^fi».fc^l*,i„a. rii. * mt/h 
W Ab, oooer^ to to et lw«i#si«i Wi «iiktor*te»^ »»lnt4te 

« ooariderabJe deriaWon at km immdmm fcw« to kw nl li«ry «»4 » i.«M 

it lO0o to deriatton ie moU, ItwoaM •«« tol to MmmMim rti 

■ itoratoe a&egi eW pMoui tol}% g|l^ m4m^ 

gases win follow, to kw. and at tower ^ «ffl la all to a 4«tato» 

(Itomit. 
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pressure lucr&ased 10 tlraes, the solubility x>f'amT»onift only increased 
4^ times. 

A number of examples of such cases of th^ absorption of gases 
by liquids might be cited which do not in any way, oven approximately^ 
agree with the laws of solubility. Thus, for instance, carbonic anhy¬ 
dride is absorbed by a solution of oauatio’ potash in water, and if 
suffloieut caustic potash bo present it is not separated from the solution, 
by a decrease of pressure. This is a case of more intimate chemical 
combination. A correlation less completely fifbudied, but similar and' 
clearly chemical, appears in certain cases of the solution of gases in 
water, and we shall .afterwards find an example of this in the solution 
of hydrogeq iodide; but we will first stop to consider a remaricablo 
application of the law of Henry and Balton in the case of the solution 
of a mixture of two gages, and this wo must do all the more because 
the phenomena which, there take place cannot be foreseen without a 
clear theoretical representation of the nature of gases.®* 

The ratio between the pressure and the amount of gra# dlwolved wan diseowed by 
Henry In IHOfi, and Dalton' in 1807 pointed out the adaptability of thi* Inw to eosa* of 
'gaseous mixturoM, iulroduoing the ooneoption of partial proRSOres which is afiAolutely 
MceeBaory for a rigid comprehension of Dalton'* law. The oonoeption of partial preg,uir 0 a 
essentially enters into that of the diffusion of vapours in gases (footnote 1); for the 
preagore of damp air is equal to the sum of the pressures of dry atr and of the aqiuioas 
vapour in it, and it is admitted as a corollary to Dalton's law that evaporation in dry 
'air takes place as in a vacuum. It is; however, necessary to remark that Dm volume of 
'ft mistur# of two gft8es(or vapours) is only approximately equal tothusum «jf the volumwi 

■6l its eouslduents (Uie somo, naturally, also refers to their pre«wuroM)—tliafc is to any, in 

mixing gases a change of volume oecure, which, although small, is quito apparent when 
Carafully measured. For instance,'’in 1088 Br6wn sluiwed that cm mixing various volumcMfe 
'pi. sulphurous anhydride (SOa) with oorbonlo anhydride (at equalprowtires of 7® mm, 
^d aqua! temperatures) a deoraoso of pressure at 8‘9 millimetres of mercury vmg 
observed. Tlte possibility of ft oberaioal aotUsn in similar mix turae is ovideut from th® 
tftbt thftt equal volumes of sulphurous and earbonio anhydridet at —IV fom, aeeording, 

to Pictet's rsiwarehfts in 1888, a liquid which may l>t njgartled a# an unstebb cbemittal, 

oompound, or a solution atmilwr b that given whan sulphurouB inhydrldu and wates 

combine to an unsttvble oliemiaal whole. 

ti.Tho origin of llm kinetic tbeory of gMc« now generally occeptfvl, acewrding tft 
wbit'li they art) aoiniati'd by a rtijii.l iirtiKi’BMivo nnition, ia very anrient (lii'rinmilll and 
oUiora in tbo last (nnitnry hod already dcvolopod a similar roprtiswjlaliim), but. )t Waa 
only goiiorally aoropUal after tho mucbaniral tUtJory trf boat liinl Ih'wi tt.italilmUril, and 
alUw the work of Krunig (1H66), and t'wjHwially after its Uiaibcmatiral ».>ln bad bown* 
Worked out by Clau«iua anti Maxwell. The pregsure, olawtlfity, diRo«ion, and Intonial 
friction of gtm», the laws of Ibiyle, Mariotte, ami of Clay-Luwao and Avt^atlro-QOThardt 
are not only explained (deduootl) by the kinotio thoory ttf gases, but also *xpres»»d wit^ 
perfect axaelitudci; thus, for example, the magnitudo of tha internal frIeUett of dUto aaafi 
goBB# was foretold with BxaHUtude.by Maxwwll, by applying the theory of pw)WWIIM«i 
io tho impact of gaseous parUalcs, The kinntio tlteory cf fiiMa mail 4hMftford W 
oonnidortKl os one of the most brilliant acquisitiorwi of the latter half of the prtaKi| 
■oentury. The veioclty of the progreorive mottos of the porttelit ©f a ma 
««stti»ttre of which weighs d grams, fa found, oMwdinf to lbs ttMwy,,lo he aqtitd k^ 
the square roolof the produol c4 Sp£>9 diriM 1^.^ wh^jp is the pwmmttudwfwhfadi' 
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TliA law qf fattid ftmmrm k m follow! : —Tho stolubllitj of gium 
in intermixture with ©ftoh other tio«( not dofMmd on tim influwMof 
the total preMur® acting on tho mixturo, but on tho tnllmmoe d tlmt 
portion of the total pretsuro which i« due to the «£ oa<'h giv«?n 

gas in the mixture, Thu», for initance, if oxygm and mrlmnie 
anhydride were mixed in etjuaJi volmwif and mprUnl a prr%aum t»f TdO 
millimetre*, then water would dwwjlvo so nmoh of pm'h »»! ihr»» gAsut 
as would bo dissolved if each sa|»rato}y oxnriwl m prt’Bfiuru of half m 
atmosphere, and in thia case, at 0** ono cubic wntifiu’trw of wator would 
dissolve 0*02 cubio centimetre of oxygtn and 0 IW cubic rrntimetri? of 
carbonic anhydride. If tho pn*Mur*s of a fawnmi ininturtt t»»juak A, 
and in n volumes of the mixture there 1» a volufiHw uf a givon ga% 

d ts (letenained Mprettwl in eenUwfrIrM of tt# imttuty r<4w»«. I» sl»a f,4 » p«kte 

cunUmotr® of metewry in fraws (if**!*'®#,llw »n»»«4 
1,088 gtaa* to a sq. cm.), aad § the «f gr»»ai u» 

At the sea level and long. i6®«• 98111^ M HI, ?«*l»r»t««rg; In ii vMim 

longitud® wad dtitade of the loewlityl. Tlwr*»{*-*r#,»». a* itw* *4 t>j4t«g*!R k 

and of oxygen 401, metre* per eeooHdi. Tht« «* lS»« veliwiiy. »m 4 im'rtmliug to 

Maswell and olUew) it ie prolmhktl»4 thi v^rfcnut***el |»Mi*«'4»« aw 4tS»r«t»l; 

that is, they ooeur b, m it wete,diS*rwat wnnliMeiw «f n i* wry 

baportant to take bio wntberatlTO in tnwty |4»<»<i»t«eM |<r»s««f to mattof. 

tt b evident bom the above deterrabaliaB «4 the v#WjI| *»! iHas 
at the Bame tempemtare and preiinre have a»»rap wi,t*-.h «f« pw, 

portional to the aqimte reeta of their deanllto s ihk la «l«» @lw»» by difiwi pisp«f|. 
meat pa the flow of puiM threagh a flt» «da«i!, w a »*II Thw «f«*. 

timilarveloeity 0 /flow for different gws {» fo«^e*»i{f ^km «l b rh«i»ir4 

reeearelies (nee Chap. H. and aleo Ghkpa VII-) In tirtW t« iws, g#*#* 

different denaities and velodtiee. Tbs diflbwnw of ih» tehwiiy ,4 fi«« „f »|«, 
dotermlaei Uie phenomTOOB dted to lto« fdtewittf fewliiete f«f 4lf«i 

eaoe of an totennd motion to pM«. 

If tor a oerlain maes of a pe whtoh ffidly and Wtowe SW Im «»f 

end Gay.Lnssao the tompralttre < and the pw«n« p ph«»f«st| th#« 

the entire change would be «sprB*i«4 by Um •qnaifcm j| «,,#1. |* itw 

game, jBtiMjBr, where r»f+ 8?0atJd Oand M am wfej^h r«rf im»i wwlf lb# 

units taken hut with the nature of tho and fie tmmt, liui m 
from both the fundowTOtal law of fa«»« fwtoch will l»« diwaw*.! »« itw Mhming 
chapter), and ae, on the on# hand, a eertota atlwlkai Wl«r«»w il» 
mMt be admitted, whlk to ft# eft«f hand ftn mmhmUm ot f*« Ummmiwm ««»4 
©ooupy a poftlTO rf a hiMW *jiy# my wrnii^mm 

et pnmm mA Umpnim momm AoM ^k*4 to VmM Wmd'B 

f (f+*i)(»-fl«aCl+«<) 


whw a to ft# tae oa>«nelTOt of wjwnten sf gum. 

of “'f* Tan dw W«^ hft* M wpeeWly tap«k«t te #*» 

‘ stale, hmmm ft« fitftia»«Hi*| «f WA 


m^miTandZS ^ -1^^ 

IriU he partially oonsid^^ 
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Ihon its solution will proceed as though this gas were dissolved under 

,a pressure That portion of the pressure under influence of 

n 

which the solution proceeds is termed the ‘ partial ’ pressure. 

In order to clearly understand the cause of the law of partial 
(pressures, an explanation must bo given of the fundamental properties 
i<>f gases. Gases are elastic and disperse in all directions. We are 
led from what wo know of gases to the assumption that these funda- 
tnental properties of gases are duo to a rapid progressive motion, in 
all directions, which is proper to their smallest particles (molecules).®® 
These molecules in impinging against an obstacle produce a pressure. 
The greater the number of molecules im]pinging against an obstacle in 
a given time, the greater the pressure. The pressure of a separato gas 
or of a gaseous mixture depends on the sum of the pressures of all the 
tnolooules, on the number of blows in a unit of time on a unit of 
BurfaoeJ and on the mass and velocity (or the vis viva) of the impinging 
molecules. The nature of the different molecules is of no account; 
the obstacle is acted on by a pressure duo to the sum of their vis viva. 
But, in a chemical action such as tlio solution of gases, the nature of 
the impinging molecules plays, on the contrary, tlio most important 
part. In impinging against a liquid, a portion of the gas enters into 
the liquid itself, and is hold by it so long os other gaseous molecules 
impinge against the liquid—exert a pressure on it. As jregards the 
solubility of a given gas, for tlie number of blows it makes on the 
surface of a liquid, it is immaterial whether other molecules of gases 

Altbongh the Mtuol motion of goMtus molooales, wbJo!) in ooMpted by tho 
trinotio theory of guoa, oiumot be seon, yet its exiatonoe may bo nndorod evident by 
tiddng edvantage of tbe difimmoe in tbe velooitiee tmdoubtodly belonging to didennt 
gases wbioh are of different densitiM under egual presiuree. The nadeoalaa of a 
light gM mast move more rapidly than the molooulee of a heavier gas in order to pro- 
duoe tho same prognare. Let ns take, therefore, two gason—hydropn and air; the 
former is 14'4 times tighter than the latter, and henoe the moXeenles of hydrogen must 
.movo aliuost four liinos more qniokly than air (more exactly 8'S, aooording to the formula 
given in Uie preoocling ftmlnoto). tionaacinetiUy, if a porous oylindor containing air is 
Introducud into an alnumpluirw of liyilrogtin, then in a given time the volume of Irydrogen 
which NUOMoils in entering the cylinder will ho greater than the volume of air leaving 
the oyliuder, and Utentforo the preesure ktaide tlie cylinder will rise until the gasmua 
toiixtura (of air and hydrogen) alUdna an equal density hoU» inside and oulaido Uis 
■ Oyllnder. If now the ex|»rlmjmfc bo revereed and air surround Uw cylinder, and 
.bydrofen be Inalde the cylinder, then more gas will kav« tbe ^Und« than enters it, and 
I hence the pressure Inside the oyllnder wUl Im diminished. In these oonalderaUons we 
have replaced the idea of tlm number of molooules by the idea of volumes. Ws shaD 
loam Hubnequontly that equal votumen of dtfformt gases contain an equal nnmbor of 
molooules (tho law of dvogodro-Oerhordl), and therefor® Instead of speaking ©I iha 
BUtaber of molooules we can apoak of the unwher of volume#. If the cyliadsr be par. 
MaUy Immeraed In water the iri»e and loU of the prestare eon be observed dlzeoUy, an4h 
the experiment oonseqoently rmidered f^nsvldmil 
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Impinge side by aid^ with it or not. Hono®, tlia iK>lubillfcj of a glv-aa 
gas wiU be proportional not to the total presauro of a gawui mixture, 
but to that portion of it which is duo to the given gaa »epamt©ly. 
Moreover, the saturation of a liquid by a gM depentb on the fact that 
the molecules of gases that have ontornd into a Utiuiii do not remain 
at rest in it, although they enter in a harmonious kind u! motion with 
the molecules of the liquid, and tliereforo they tlsrow thcmsolvet 
from the surface,of the liquid (just like iti v«|«iur if Ui© litjuid b« 
volatile). If iu a unit of time an equal numlKjr of nu>lwndt*i |«n»*trato 
into (leap into) a liquid and leave (or leap out of) a liquiil, it b 
saturated. It is a case of mobile equilibrium, and mU of rt«t. There* 
fore, if the pressure be diminkhod, the number of molvculr* do|»artin| 
froru the liquid wiU exceed the number of wal«H?uli» entering into tho 
liquid, and a fresh state of mobile equilibrium only taket pkeu oodBr a 
fresh equality of the number of moleculw departing frtim Mid untisritig 
into the liquid. In this manner thi main fraturw of thu tHdulion aro 
explained, and furthermore of tiiat sp#oW (ohemleal) nttmetinn (pun#, 
tration and harmonioas motion) of a gw for «. liquid, which dotnrwine# 
both the measure lof solubility imd tba degrto of atabUity of thsi 
solution produced. 

The oonsequenees of the kw of partial piiMtuiri« mn ©xcmllngly 
numerous and important. All Hquidb in tiature %ro in mntact wish thi 
atmosphere, which., as we shall aftermrrls mw fully, ronsisia of 
an intermixture of gases, chiefly four in number-oxygen, nstr»»f»n, 
carbonic anhydride, and aqueous vapour. 100 volume* of air rantaki, 
approximately, 78 volumea of nitr^en, and akmt 'il vtilumw d 
oxygen ; the quantity of oarbonk anbydridt* by vtilwmn, dw* not 
exceed 0*00. Under ordinary oircuinitaneMi, thn quasitity «f aqiswna 
vapour is muoh greater than this, but it wim of eour*** with idimaiifl 
conditions. We eonolude' from th«e aumbtrt that the unluilim ol 
nitrogen In a liquid in oontaet with thi atowpliens will pr^i^wi und«r 
a partial pressure of ti^x 760 mra. If Iht atm^fiberlo pri***ttro 
760 mm,} dmflarlf, usdtr a ptwort of §00 mm. of mi»«ary, tte 
Bolt^on of wi^ygtn w!U pre^id oadar a partkl |ir©M«r« trf akwl 
160 mnw, and the sqlutloa of WThoaio anhydrMi only under tho vmj 
8maU pressure of 0*4 mm, Aj, however, thi •olubihty of osygen In 
water is twice that of nitrogen, the mtle of 0 to N dteKdnwi in wstir 
will be greater than the mtloln air. It li «iy to eakukto wtel 
quantity of each of the gasM wUl b# wntafoftd in wafer, and 
the Btmplest case we will ealcakt# what qmatiiy of osygan, 
and carbonic anhydride wiU be dfadvid from air hating ite ahore 
eompositioQ at 0® and 760 mm* prwure* Undw a pffwuiii ^ 
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l cubic centiinotro of water dissolves 0’0203 cubic oenUmetro of uitrogen 
or under the partial pressure of 600 mru. it tvill dissolve. 0-0203 
or 0 OIGO cubic ceutimetro ; of oxygen. 0-04:11 x or 0-0086 cubic cen¬ 
timetre ; of oarbonio anhydride 1-8 x or 0-00095 cubic centimetre i ■ 

hence, 100 cubic centimotros of water will contain at'O® altogether 
S 55 cubic centimetres of atmospheric gases, and 100 volumes of aii^ 
dissolv'ed in water will contain about 62 p.o. of nitrogen, 34 p.c. of 
oxygon, and 4 p.o. of carbonic anhydride. The waiter Of rivers, wells, 
•Ac. usually contains moro oarbonio anhydride. This proceeds from' 
the oxidation of organic substances falling into the water. The amount 
of oxygen, however, dissolved in water appears to be actually about ^ 
the dissolved gases, whilst air contains only ^ of it by volume. 

Aooording to the law of partial pressures, whatever gas bo dissolved 
in water will be expelled from the solution in an atmosphere of another 
gas. This depends on the faot that gases dissolved in water ©scape 
from it in a vacuum, because the pressure is nil. An atmosphere of 
another gas acts like a vacuum ou a gas dissolved in water. Separation 
then proceeds, bccauso tho molecules of the dissolved gas no iohger 
impinge upon tho,ii(iui(l, arc nob dis-solvod in it, and thoso previously 
held in solution leave tho liquid in virtue of their olostioity.®® For the 

** Hero two cxvaen ooouri ollhor tho fttmosithero flurrounding the Bolution may bo 
limited, or it may be proporliotuUly m vatit aa to bo unlimited, like tho earth's atmo¬ 
sphere. If a gaoeoua solution bo brought into an atmosphere of wioUior gas whioh la 
limited—for instaiioe, as in a olonod veBHol—then a portion of tho gaa held in aoluiion 
will be expelled, and Uius pass 'over into the atmosphere surrounding tlie aolution, and 
will produce its partial pressure. Let na imagine Uiat water Mtumted with oarbonio. 
anhydrida at 0^ and under the ordinate pressure is brought into an atmosphere of a gfts 
whieh ie not absorbed by water; for instanoe, that 10 o.e. of an aqineons nolu'tion of eats! 
bonio anhydride is introduoed bto a vessel holding 10 e.e. of such a gas. The eolntloh 
will oontaln 18 o.e. of oorhonio anhydride. Tho expukion of i^tiagas proMods until a 
irtats of oqnUibrium is arrived at. The liquid will thou oontaln a oertain amount ol 
oarbonio anhydrida, wliioli is rotainod under the partial preaeure of that gas which hag 
boon oxp<^lkHi. Now, how muoh gas will romatn In the liquid and how much will pa«9 
ovor into tlm surrounding almoiiphoro ? In order to boIvo this problem, lot us suppow 
tliat * cubic cfuilimtitrcs of P4irb(mio iinhyilrido ar« retained in tho »olulion. It is ovideat 
'that tho amount of oorlHinio anhydrido wlilch paMml over into the aurwunding atmo- 
dphers will Iw !«'•», and tjie totiri volume of gas will be 10 + lB — » or SiH—» cubic contP 
mnlrofu The partial protsure under whioh tlis carlKmio anhydride is tl»en disiiolved wiR 
bo (supposing that ttie oommon prossure remains oonotaut the whole time} equal to 

hanoa thera is not (a solution 18 0 . 0 . of oarboklo anhydride (aa wordd- be 
the ease were the partial prewure equal to the atmoapbario pressure), but o»hr 
whioh is equal to m, and wo Uierefore obtain to© equation 18 

tieoM (cwB’flU. Again, whero tho atmosphere into whioh toe piseoua solution is Intern* 
duo«d is not mly tliat of anotoer gas but also unlitnlMl, torn toe gas dlnMlved wto, ba 
^paielng over from to© solution, diitose inlo this atmocpbsce. and prodtM* aa infiatiel^ 
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name reason a gai may bo entirely explW from a gawoi elution by 
boiling—at least, in many M.ae« when it does iu»t form particularly 
stable compoumla with water. In fact the iurfare tsf th« iHuling liquiil 
will bo occupied by aqueoua vapur, wui thendure nil the pr«urt 
acting on tho gai will be clue to the aquwnn vapmir. t he this arenurst, 
tlio partial preswre of the dismlvcd gas will \m vory Incmmtlpmhh, and' 
this ktha sole rewon why a gtu mfiitmifx /n>m m 0 »iutu’n tm hmiing^ 
t/w %ttid (Jcmtoimny iL At tho boiling punt of ^atrr tho B.ilubiUty 
of gases in water in still sufficiently great (nr «. wnHitlcmblo quantity, 
of a gas to renmiu in solutiem. The gas dimiotvwl in the liquid i» 
carried away, tognthor with tho aquc’cnsn vapour ; if b-uUtig l«» 
tinuod for a long time, all tho gas will finally 1 m< soparalrd,*^ 

It is evident that tho conccpticm of lh»* parlirt! prrwurvs of 
should bo applied not ouly to the farmathmiof wiluiiotos, but »!*o to all 
00868 of obemical aetion of ganra. Kspecially nunwrou's »rn iia appli" 
cations to tlia phymology of rcapimfipn, fur m ll»w rasri it >a mdy tht 
oxygon of tho atruoapliero that act*.*® 


«m«Jl prtsBttPfl la ft* anllfflltdl alm»w|*h«». rnwnwijaeriilf, w» *•» •*«»> t»« fa 

solttUon ttftdM this teftaHaly iwaJI pf«wBw, ftn«l U will l»» t.s»iite|f «>»|.so!}«<l tr««ia 
adulloa. For fchl« i»««m water wterrtwJ w.A » f« wIm« k w tua r»4ti*4»!n»l m «r, 
be ©abtroly dtprlvtd of tb« dissolwl t«ii il»» ii*>r v«at«t alim 

oft (ram a solution late ttta wut »il» «sfi4»nii iJ»*i tt»«snj W ®»wh m 

oaao M a octnatent 'propertioa b«tww»« tjUMUlf *4 w»i«r »u4 «!» ,j«a«aiiy 

of a gas expelkd ff«m » aolutlBn, m timi rwl ih«» gw h«t tt»» fedti. 

Uon, would pftM off. A BiBifiar«;»»» ii nsbiWfcfid te wlsstb «i-»> ss..! 

by heat fsuoh h th«8 of hydrflf«a ehlorM© »wl k«lf4»l, «« *4!5 t-» r .wst.lisreil. 

Howow,in tlu»« when U» «.( Uto r»» <i4 wah stw 

temperaluro is not suiBoIntiUi' grtal. and wht»« » k»<»w» •{•MtjSiCf ..f «.j«b .«» 
and of Uio gas pa«M« ciR from «, wlaUwt al twlliwg |w4«»s, «»i umf b# 

•obtained havhig the aanie eortiftooillon m Uio 1»» il«® ! %»» tb® asn.-BnC *4 

g«.« pwaing over lute ouch on Rt.tn«Mifih*>r« will *«4 t* lints* it.*l l»oS4 t-f tlni 

liquid, and tli(’r»>ftire mioh k iwIwUi.n w*l! p»«>r b*k ?»>♦> w4'»j6*«« 

will tboh rejiresont, like ft »iIiiU«.n of hidriwlk mht te w»ler. » Si.jst*-! «bn t* 4» h.4 
altered by dirtilkUon, wWIb Uw prswatortf awW wbkh liiJi !4hp-9 },!.«»« m- 

mains ooartant. Tims la «Jl Ik wlnliw |stw!w«ta fr#»to«a» ht>m iJ»« ♦»*«»» WW# 

affluiblM to ewapl* at InMmste ebwital Tt*# im 

tiM «©\ni«kOf wpd velm«» ef 4lii«t rmw |« Im «}ii, ■ommiumi 

of alfcbl^iMsolflWllfqfot dt®w«tp»% «tt «l lj» !?«*« M 7 ^ 

«Mtt. ffOMwn) tvolvi te loltowfftf Bumbw ot (grmml swci* 4 tse^l in 46!»s».t»i»# Jt» «l 
largo moa# of water i wrbtwte whytlfM# i,«», *Mfpi|iWistt» »nii|>|i|«4«i ««»«««»»% 

8,800, bydretsWorie add and bydrWto «wl4 l§.m. Tim !>*•.. Is.i 
which wre not «(pittoa tm tt»fcr wltikiw by p,4t« Ml 

muob boat os gases like wamenia, whtob ors fw»t •.4 b!»»iis» b» b 4 tii* 

wh^t p* 0 R which ate only ill^tly Bolnht# serf w»rh tsp«i 
I numewna rwowehw fmmm i.b4*l»*ii 

by Paul Bert ate cited In Chapter ItL, and w« wlU b«f» |» 4 «i oni |•r.4 
in his resoamheffl on the abserpMoa of |i*« hy tfci«il4«. mn Mf !*« 

phenomena of the soluMon of ewhonfe wbydrMn la .4 %»«..»* •*!$«, »»4 

arrived at many Important wml% whtoh 8hflw«d « «»« « h«4, to Hm 
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The Eolution of aolida, whilst depending only in a small measure on; 
the pressure under which solution takes place (because solids and 
liquids are almost incompressible), is very clearly dependent on tho 
temperature. In the great majority of cases tho solubility of solids in 
water increases with tho temperature; and further, the rapidity of 
eolution increases also. The latter is dotormined by tho rapidity of 
dijETusion of tho solution formed into tho remainder of tho water. Tho 
solution of a solid in water, although it is as with gases, a physical 
passage into a liquid state, is cloterminod, however, by its ohomioal 
'affinity for water; this is clearly shown from the fact that in solutioor 
there occurs a diminution in volumo, a change in the boiling point of 
water, a ohange in the tension of its vapour, in the freezing point, and 
in many similar properties. If solution were a physical, and not a 
chemical, phenomenon, it would naturally be accompanied by aa 
inorease and not by a diminution of volume, because generally in 
melting a solid increases in volume (its density diminishes). Conirmtion 
is tho usual phenomenon accompanying solution and takes -place even 
in tho addition of solutions to water,and in the solution of liquids 
in water,just aa happens in tho combination of substances when 

of oarbonio anhydrido In solutions of salts on wlitoh it is eapablo of acting tdnomieally (for 
example, sodium carbonate, borax, ordinary sodium phospUato), there ia not only an 
Ineroase of Boluldlity, but also a clistinot deviation from the law of Henry and Dalton; 
whilst, on tho other hand, that solutions of salts wliioh are not ootod on .by oarbonio 
anhydride (for example, the oWorides, nitrates, and sulphates) absorb lest of it, owing to 
the ' compotltlon ’ of tho salt already dlHvolvod, and follow the law of Henry and Dolton, 
bub at the same time show undoubted signs of a ohemiool action between the salt, waters 
and carbonic anhydride. Sulpluirio acid (whose oo-o£Bciont of absorption l» 09 vols, per 
100), when diluted with water, abnorbs less and less carbonic anhydride, until the hydrate 
HgBO^iHoO (oo-eff. of absorption then equals 00 vole.) is formed; then on farther 
addition of water the soIabUity again rlaos until a solution of 100 p.o. of water is 
obtabsd. 

Kremers made this obsemWen In the following atm]^ form j —Ho took a immiw- 
neoked flaelc, with a mark on tho narrow part (like toat on a Utra flask wliieh Is used for 
aocurately measuring liquids), poared water into it, and tlien Inserted a funnel, having a 
fine tube whb'h roaclx'd to the bfittmn tif the flask. Tlirough this funnel he carefully 
poured a Sdlulien of any Bait, iiud (havii»g riiinevnd tho funnel) allowwl the liquid to 
attain a definite temperature (ii» a water bath): Im tlieu fllled the flask up to tho mark 
with water. In lids manner two layers of litjuid wore obtainwl, the heavy aaline sohiticui 
below and water above. The flask was thm» altaken In order to aecelevato diffuaion, and, 
it won ebsorvod that the volume became lens if the Umqwrature retnalnml constant* 
TWa can he prtwod by calculation, if th« specifle gravity of the Bolutieue and water bq 
known. Thus at 10® one o.o. of a 90 p c. solutkm of oomtnon aalt weighs I'lMO fram, 
hence 100 grams oeou|iy a volume of 80 08 c.o. h» the «p. gr- of water at 
therefore 100 gram# of water oeoupy a vtdiimc of lOO'OH o.o. Tim sum of th« volumes ft 
1H7'01 c.o. After mixing, 900 grama of a 10 p.o. wlollon areobUmod. Its «p«elflegravity 
is 1'0796 (at IB' and reforreil to water at its maximum deeftlty), hence the 800 grams 
wtU occupy a volume of lHff4H o.o. Tim contmeUon is eonaaquftntly equal to 0*66 m , 

^ Thf eontraotjnns produced In the case al tlw solution of aulphurio Mid to watoi* 
toro ^own to the dfai^ram Fig. IT (p^ TT). Their maxtmum to 10*1 oa p«r lOAtM* <1 
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evidently n@^ ira1t»tanoM are pmiTb« cofrtmctlmi wlifeh teJki® 
|jkcD itt soluUtm ii, bowwp^ •vmj small, a hm% whieh tlupitmia m tba 
small- oompresMbilifcy of soEds and liquids, md m the Intiicrdhcttn©# of 
the oorapmssingfome acting in »oltttion.^* The change td volume whkh 
takes pko© la thewlation of wlida and liquidi*, w the «ltemtlon In 
specdflo gravity oorr«ponding "wirh it^ dfq*end« on |woliftrit4«« cf th« 
dissolving sobitanc^ and of water, and, in th« m^cirity t>f h nol 
proportional t6 the quantity of the »howing iha 

toft Bolutifm fftrfflti A wmlrwUns* u! i li al O", B 7« *,1 16 •, »r.4 g SO «i4 «*, 

Wteft r'l'*'®** *0 tU« mtJution nf 4(J I'f w^iglO «!f fttinjflri'M# »t-..ls..l ,« a* 

WftteP. Thia Wfftiifl** Ui*l If, ftt O'-’, 40 i»rks by w«igl»4 «4 Iw ft4 pwrlft 

% weight of water, Uwa the Httm ef tiMt mfmnM ‘^viumm »tU W 104 IS, tmA aj|» 
mixing Uielr U>W valnnw will t» 100 . 

4* Thi» Mhjeet will b» «««idw«A Ulw In WiU w«wlt. «»4 w* «t»IS mm ilwt tlM> 
wntafftftUott pr^aeid la imeWiaw ^ •laikimM** |«4 wlhk *# h mrf v*mbk 

ki ito nmemt, wad Mtofe to« m*, tillfe*?*# m wbuA 

coatmeUftti dofl» sot taka plftw, «»r w1mm» mi uv:tP»m t4 te 

4* Thft dtrrojWMdWUlf «)f w»luW«w« pf pr<i»i>»t«w i» W«, !*» flfWBd, llmtt 

•toat of wftter. At 1»“ th« «*f wmtme |W ia4llfc«» - i* vrd*. I«r m 

l^wnr® of o»« far a i6 p.e. «4 mm»mm wlii ii i* m, «»4 W • M 

BftJuUoB, S8 ’«dk ilmilw d*tw»ii»*lb««» »»» «»m 1» by Upwii i8sw;» fc.f 
salfttlfflM el Md amsswiM (W vek.J, C4« »«4% I, tsowwsw s»H {ri toi* i, w>4i»« 
lalfklaak at +1®, wtan tos’rf w»i«f •- ti m.its.ai *11^ 

bimtyfa.t(W Hite ribrned Uml ntwteMM mlmh wiA mt «<f ImI wd 

Wftoi 8ka Wccftttft l» {»», for fpe« 

Ih^ witamtftd #dlttUoM by «a tawww rf pw^ww fitot i»»|»w«#»««,i »<« (nartimkffy 
ooBolttslvft to th® am of wl ammoMl#*!, whsbl, tti« »«4»irt»y rf »«Ih. b 

with wa ftb#atpiSon of b»l « dimlantiwB t« tolam* im-w***. »«,f j 

V)Uh aa 4fl.#r#£M« jpmwr#, ierby ®bsi>r»irf rt>» wiil» rnmmm 

iiftit (1808). 

4» Hie mort traslwortby iak r«kU»ig to iW «4 llw df 

BaluUous with a touwpi of tWr ft»4 i*i«|.«t«iww,«» f..}tw.b»i ais.I ttfc*. 

ou*8®d ttt my wwk cited in fMteote W. Tl« prwitesj (fe>t UU mu»mui ..f * to 

Bolutlon !r dwtartnined by too aid df the imtiliw* (4 I..IS8 in »«ik« i»»4 

In kboratoiTf pmelte) iwid Ww to«»niti«S |f»r mmn I* «,<.#» 

eboervftd llion oUinr j-spopertiw, wwl lt»e«ae» « to ftnmnm Itus 

wktlm of many olhw pwp«rM*»| tnterw«l «4 Ibk «bj»rt-, sl«» ®i«. i rttl®# «w»i 

laws to wblftb it k lUbk, make os* wkh ll»i Ubk t4 i*U •.4«iw«ni 

Moa bft wridwd by twfcftr rf « M-wte * ttmXmv •* }--1‘Wr 

ftoUtfttlm tea wt My ftwl ilftMlif, hnm **s»l aII*^ 

toam tMwfaf to liwi« R»d TmtImiM |p KbitM tie R»»i 
trho te» p*tosM «| »»!»» d wl#® rwwi |*«f«. 

^ IsstouA U tb« of ehauf* etyyted to umug |i#«»|tw4awi#!«» y»» Ufrmmlkm si 

li not »,ftwta| to tb# iiwifciw* wr.*t*6t *4 .«% % 

Slity b®tWft» tod® Anafs and a ebasp of tw»|»»«iu*« gi*f, in « fitui 
won and «»p«ftla% wlthto a«sf@w IWli ©f obiwfu ol nwasginml to 

ba»eB whm it do«9 not *v«a *4 MfeW mkI i® 

toatruetiV® to tbk »«#p«ot| to 1811, m ttoi b*^ rrf {ii#*««»|4«-t*i »»«»I**®#, lJ»«y 
tnat tbs toMUMl el tom of mm i** ib* 

towwnwt <g a »lt to a vdm« pf a rtetfa#, wW«!i to ♦Jiitf Ira* tm 4»^nmitmUitm 
of speoifio gmvl^ whtah «» mot to lh« i»wnd dwtod pfe» 
flvon for to^al^ ^twfmtoalkmii. AeMmto SMiwnwtto i«* wA #»5saf»i « 

^onftUly-ftlthwtotWswuiftwtomiwyetlwwwbiftawfctabftWiw^l 
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€xislenco of a chemical force between the solvent and the substance 
dissolved which is of the same nature as in all other forms of chemical 
reaction. 

The fooblo development of the chemical affinities acting in solutions 
of solids becomes evident from those multifarious methods by which 

ft#, for oxarapb, for the rotatory power (with roapont to the piano of polariwaliou) of boIu* 
tiona, and for tliatr captliarily, (feo. Novortlu'limH, wuch a nnahod la not only utill made 
naa of, hut ovon han ilH advantages when applied to Holutinna within a limited Beope—as, 
for instance, very woalt solutions, and for a Aral acquaintance with tho pheninucuft 
accompanying nolution, and also os a means for facilitating the apphoatiou of mntha* 
nitttical analysiB to tho investigation of (die phtsnomonon of solution. Judging hy tlio 
rosults ohtainod in my roseoroheR on Uie spooiAo gravity of solutions, I think Uiat in 
many ooeos it would ho nearer the truth to take the change of propertien ah proportional, 
not to the amount of a substance dissolved, but to the product .of this quantity and tho 
amount of water in which It in dissolve^; tho more so einoo many chemical relations 
vary in proportion to the reacting rhasses, and a similar ratio has boon eBtahlishod for 
many phenomena of attraofcion etudied by meebanlcs. This product is easily arrived at 
when tho quantity of whter in tl^e solutions to bo compared in ooustant, as is shown la 
invosUgatlng the fall of tomporathre in tho formation of ioo (sea footnote 4P, p. PI). 

^ All tho diitcruut fonnaof chemioa'I reaction may b« said to take place in tho procoeo 
of solution, ( 1 ) Oambinations between tho solvent and tho substonoe disBolvod, which 
are more or loss iitablu (moro or loss dissociatad). This form of reaction is the moat 
probable, and is Umt most oftmi ob 8 orv(sd. {'i) lloiiclions of aulmtitulion or of duublB 
dacomjioaition botwoim Um mcdooulos. Thun it may bo suppnnod that in tho nolulinn of 
sal ammontao, NII 4 CI, tho action of water produces ammonia, Nll^lIO.and bydmcldorio 
aoid, llGl, wliicli nxo dissolved in the water and simultaneously attract each otlK^r. An 
tlmsQ solutions and many others do hulotid oxhibit Btgna, which aro noniotinKm India* 
putable,of similar double dooomiKmitions (thus kdutions of sal-arnmnninc yield a certain 
amount of ammonia). It is probable Uiat Uiis form of reaotion is mnrci often mot with 
than is gonoraily thought, Iloaotions of uemffmmotrt*plawment urn iilts) jntjbably 
met with in solution, all the more os here molecules of different kinds annn into iiitimato 
contoot, and it Is very likely that the oouAguration of the atoms i« the nioloeulws under 
those InAuenoos Is somewhat different from what it woa in its original and iMilatod 
state. One ie led to thi» BupposiUon eapeolally from observation® mode on aoliiUotiB of 
substonoes wliioh rotate thn piano of poloriBation (and observations of thirkind are vm^ 
eepsitive with reapeot to the atomio ntmetura of molMulM}, hecauM they ahow, for 
example (ooeording to Sehneidor, I 88 I), that strpng Bolutions of moJio ooid rotate tho 
plane of polarisation to tho right, whilst its ammonium salt# in oh di^rMt of concoutrtw 
lion rotate the plane of fjolarisation to the loft. (4) Reaetloao of dceom/wwi'firm under 
tho li»Aumuit <8 of solution are not only rational In themBolvos, butbavo in rweantyear# 
bwm rncognisnd by ArrheniuM, Ostwald, and otlinrs, parliciilarly 011 thn liaals of electro* 
lytio dcUtnninationM. If a portion of the inoInenilnB of a solulitm wenr in a coiuliticm of 
doconiposithm, tlio other portion may occur in a yot imtro coinplos wlatn of (’imilnimtion, 
just ns the voloeity of tho motion «if different gaseous molneules may Ih> far fnnn being 
the some [am Note 84, p. HI), 

It is, tliereforo, very probable that tbo reacUons taking place in wdution vary l«th 
.quantitatively and qualitatively wlU» th» moss of water in the wduUon, and Wm 
'^IRinttlty in arriving at a definite oonclnsiun m te Uw nature nf Uw chitmi«a! nkAtona 
whioh take place in tlie proo««s of wlution will ho understood, and If b««id«« Ai® 
Abo existence of a physical prooeas, like the slqiing Imlwean and interptnetefttfea of 
-Awo homogonoouB liquids, Im al«> recogniaed in wlation, than tho eemplwdty of lh<t 

E hkm ns to tho actual nature of solutions, wtUoh In now to the fm, appMM in thl 
0 light. However, the nfforte which ore now being ap^od to MtttUoa of tfill 
hlom Mto BO rtumwrouB sjud of »uhh varitd MrpMt ihay iriU «EjM iWtato’ 
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wrttfioiw are ^mpomd, ’wheihm th«f bt Mtembrf or we*. Oa 
hmt,ro^-(ftbflorption of hmi)^ m wlmg, mA by iutonml f«r^ aIow#, 
aqueous golutiona iw many o«t into tbrfr w»i»p«’wtnta or ihdt 

definite compounds with wattr. wtifr in »«»lutifnw m 

retnored ^rom’them as vapour, or, by frr»*inf, in tlw fomi of tc^« but 
the ««mon qfllm mpmr qf h#icl in m lem tkm that of 

water in a freo state,, and the tf (A^/iirtmtum t>/ w frow 

eoluUojis is lower than 0^ Furlhflr, k»th th»' ciiminutiw t»f VA|i«iur ten. 
«ion and the lowering of Uii Irwaing point pn»«l, in liilut** adutioni, 
almost in proportion to tho amount of a lubstoiiw tl«»lvr4.« Thus, if 


invealifsatora a vMt mw* of *aai«rWI Ii»w«r4a lh« i4 a iWwy 

of.«o1aUnn. 

■For my part, 1 Mn «f oplateB ttol lb» dl ll» imtfmftlm * 4 ! 

(m& ®Bp«ti«J[ly ol w««,k o»«%) wWe.h tow cAtlaie*. «aaml gi» «i| mA «»«». 

plot® Bohrtitm of th# probkm wbA.I«t»w ti riw»l4 iwM wwsJ* l*» l»4fe tb* 

.pwvlnoea of phy«le» ehemittryl, kwl wlA H, ihIiwikM !<• tb* 

study of the inftusnoa of l«»pm4«r«, wo! ib» *|it|site«iifiii 

to solution# of tliB moebnaW tl»wy el b»»*» *i»4 lb* bI s|» 

properlia# of stiluliwo*. Tb« bifiiiftlnf pf nil Al« h fttfw4f l*«i il Is 

tmpoaaibl® to oonsidw ta » A«i m «»t llw.fwt^r •isirls »4 M 

)cl)^ vrbioh have bMA made up to Ae pw»l 

•» U BoloWoM ere r^ftwfdrt il Wag to a *i»to j 4 !**» bw*to**B It. ill li 

• wiwild be «p«oted that they mmM tw» *4 wmiw, wlrtsb m«i» t 4 A» 

produefe* of the de©ompM;ltl»a of toiail* w|i,89» Immmrnm i« ifc* mmm 

-of eolution. la leperaHttg at tto ««* wpw, *»!•», mttk a m 

«eoa» eystom (made vp of tabeteR®^ to difcrw#! 

to the fomeUcm of a preoij^toto «f to «rf «!«.». 

position. 


« If lbe_ eobrtftaoe dlotoivi^ te w».voJ«^ fli» Mdt m m «ly Afhitf f**k» 

■ tn®, thou the whole of the tenetoa of tba m|»#r fi»w «f ta 4m fci tt*# Iwt »f a 
solution of e volatile sobrtimw-dter to^wsf, ^ f»« «r a if art lh#tt 

only ft portion of the prewar# Wteap to the mtaf, wrt ^ fwwwiw t4m»tw4i 
oopsista of the sum of toe prewArwrt toe v«f«a»ef ^ mtet ««4 «4 ib« wiWtoj*«> 
diBaolved. The majority of r«M«ft»h#s fesir (• to« if* »b#b *♦« to» df 

presently, and Uie obsemtianB of ». P. |li«|| fa Uw mmmi mm. if* 

ehowed that In the ease of two voiaMb lb|»WI«, «»t»llf m *Ahm, 

two layers of aatarftted ^uMobb ffer mi •*!«•, Mtmm, p «f«. t«4*. 

tlona hftv# an equal vufww taMta Cto toe #«» to ^»tol «! |.. 4 it to »|«*| m 

481 mm. pf m«omqf P»tow,hi tewi Vmk mh^h Iwwwi 

k idl proportlwjs.'lht to ^«r pwte «*4 «t*« 

(Bfteltew of tomtto «Md) to»* wW* %mmm to ^ 

to toe ■oompoBltteu) town too tootom rt water to ymmm *4 lb» i 

touB, teiMloB, fpr wmpj®, of a to p*. tototbw rf fewito wM ta !••, m rtl 

^ady showed when ^ 4i*toff*ito«4 toto ^ l|^ tort to •tefc % m%%mm rt 

^ in oato ««», Wt^ Ite » fci «»44#rt ifc«» » »»i«s| 

sttoBtasmes, a« would be meposMoa to« tupMtert Am rt 

TMb amotol in ustuiQy mepBuoeed Iw tot ^ ^ —. j. a 
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per 100 grams of water there he in eolation 1, 5, 10 grama of eoromoa 
salt (NaOl), then at 100® the vapoqr tension of tho »olution» deeroate# 
by 4, 21, 43 mm. of the barometrio oqlumn, against 700 mta., or the 
vapour tension of water, whilst the freezing points are -O’OB®, -'i'91®, 
and —6*10* reapoctively. The above ftguros'*'* are almoat propartional 

|ha Bub#tftno 0 in n deflniUj volamo of Uw Bolution—for inBtwao«, in s, btro -or by iltft 
tatioH of the ntiinbor of mulwuiIoM of ws.fcj'r and of the tiub«t4iin@ thaaolvoU. 

The variation of the vapour Utiaion of aolutioii# ha« twHin inve»t»gat««i by suauyt 
Tho boat known roKoarolioa aro lliimoof ’Wtltlnor in Owroany {IHOS-JHflOJ wul of Tatiiman 
in IluBHia (IHH7). Tliti ro««archott on the tamiwralucetif the fonaation t>f ieo from farious 
eolutiona are ako vory nuinorouaj Blftfidosa {)l788), EUdorS (lifil), and De Oopp«t (Wl) 
enlalitiHliod the bnglnuing, hut tlii# kind of InvesUfatten take# its ahW latowwt tnm the 
work of lUoult, hoffun in iaB» on aquMB* wilutiMa, wd afterward# ewtinMid far ®e!«« 
tionB in various other oa#ily fro»on liquid#—for Instatieo, h«rtg»»o, (weita al 4‘M**h 
laoalio aoid, 0 aH 4 O 4 (IB'Tfl*), and oth»m. An aspooially important fater««l i« atlaehed I 0 
then® oryoBOoplo taveatigatlona of Raoult la Frwioe on the depreaeicm of th» fri#tt*iftf 
point, hoeanw he took Bolutloa* of naany wall.kMown carbon.eompounds and dlwwvwwd 
a elmpk relation between th® makoular we%ht of Hret #ttb#taae»# and the twpwatere 
of ery»taUi#aUon of the solvent, which enabled tW» kind of raseawh to b® applW to tha 
livestigation of the nature of substanoo#. We shall meet with the apfdi*t{«B of lUi 
motluid lator on (««« ct-ho Chapter VIL), and at ptwenl will only cite the dedueto® 
arrived at from tlw»o roaultn. The aolution of o«e>httndredthi part of that molten wr 
^am weight whioh eorr«#iKiud« with tho formula of a Bubatanoe di«»olv»d (for esampl% 
NaClwi8B’6, OairaO».40, to.) In XOO pari# of a eolvoat lowwa the freesing |«iBt of lie 
solution in water Q'lHB®, la beaMuo 0’49‘’, and In aoelio aoid Q’SF*, or twieo as moeh a» 
with water. And an In weak aolutlona tlio deiweMltm or fall of frnwing {mint iit j*r«tpt»if> 
iional to Uie amount of the Bubabmcm diaaolved, it follow# that the fall of fraeaSng point 
lor all other Bolutbn# may be oalodated from tUi# rule. So, for Inataneo, the weight 
Whioh oorresponUtt with the formula of atsatene, CjIlaO i« 80; a aolulfon containing 14% 
6’9a, and grains of acetone per 100 grama uf water forma Ifte (aroordlng to tha 
determinatlona of Beekmanu) at Q'770*, BOaO®, and 8‘RSO*, and theae figure# ahnw that 
with a Bolution containing 0’8B ipram of acetone per 100 of water the fall of tho tempara* 
tore of tire formation of Im will be 0-X88®, OIM**, and 0'170®. It must be retaark^d thak 
the law of proportionality t»tw»«a tlie fall of temparature of Ui« formation of ie#, and 
the oomposition of a solution, is in funeral only approximate, and is only applkabl# lo> 
weak solutions (Pickering and othm). 

Wa will hare wtnsjfk that the thwreUaal interest .of Uii# «ttbj««t wan tirwflhwti 
on the discovery of the.Mnneutlon exieting between the fall of tenttkm, the fall of lh« 
temperature of the formation of ice, of oamoUe progsuro (Van'l 1103 , Note 18 ), aud of Ur» 
ehu'trical ooiidiu’tivity of Rolutiomi, and wo will therofore eupplewont what wa hav» 
alroady wiid on tho tndijool by eomo ehorl romarka on tbo nmthtwl of I’rynw.ijiio invtttt* 
gatioim, altliongh tlm dotaila of the eulqpcl form the subjiHjt of morn ®{w, ml work# on 
physical o!umn«lry (such a« t)*twald'« X^vhrbuch der allgernmnen f'/irm##. iHBl-lWi, 
SI vote.) 

In ortlor te dotermluo the t^mperatun of th« fvrm»fmn of ir# (m of rryetelltaltaBi 
of otlier enivente), a Hutution of known Htrength h [tretwetl and (Kiurwl wt<» a oylfndrtat 
vessel surrounded by a aeeund aimilar veaeei, leaving a layer of sir b«&ww*n lh« ftw^ whW% 
being a bad oonduetor, prevents any rapid ohange of temjjeralur®, The bulh rtf • ^Wl*j 
tlve and oorreoted thermometer i« immersod in the solulkw, (U»d also a b»»l 
wire for atirring tlm solution; Urn wlnda Is then cikjWI (by tel 

a frooulng mixtura), and tho temiHaraturw at which b^ftot te ® 

the temiwratura at first falls aUghBy lower, it nwwrthd#^ IHtj 

bafln# te form. By than allowing Ibi liquid te f»t JmI iwum#, mi i^*l 

temparatore of th« farmallun nf an «Miy bt UMi'Ml'' 
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to the amounta of salt m solafcion (1, 5, and 10 per 100 of water^ 
Furthermoro, it has boon shown by ex|MsritiiorO that the ratio of th® 

bflltflr to tftke ft largo maw of wluUon, aofl Wntw 0»« forttiRlinn «f tbi* fir®l orysUla by 
dropping ft BtUftll lump of let into tba B<»k»Utw sJrimdy i-arOftlly urer Thj« ort-ly 

imperooptibly dbftngfts U« ootaptmiUmi of Iho iKjiHliM. Th« »h««ul«l bn roiwk 

at th® point of fonnfttioa of only a v«ry Mwit amoant of rry®i4l«. m oiWrwlw Urj# 
oomponiUon of U)» wlatiaa will Iwcome ftltn»«*l from Ibnir Every priHmulkm 

most be tfthen to pmvftut l)>« »»»# of motetum to tba interior «>{ lb« ftpfiamtna, wbirb 
tnlght ftJw niter tho eomposiUoa of tb« *t»lnU«« or |tr«*j*»rt.i«»<*f ib« ftcKenl |f«»f 
vrhon using tmtlo fto!(l)< 

With rtBpoet to tbe tlepremioH of tlUnte H U known—(11 Thai Uw 

InoioftBOB in ftliuoflt climnt prrtfmrlion Ui tho «mnmit «f Ibo substow in fftlwny^ 

por lOO I'ftrtii of Wftter), for nssnijito, for KCl wlwn Uw »«ili*ttK« r<*tiiam® I {wt «.f *i#U 
(per 100 jiwte of water) the tlojiwiwion »0-4S wbw Uie «sl«lioii r**«t4i«i» a {•fl« »*{ B«lt 
«®0’00®, with 10 Jittrte of salt (3) Tb« grofttor Ih** HioWnbr w«>t|flit *a«j.rii»*®«l by 

Ih® formulft (see Clmpler VU.), wnl deftignatetl by M, tbo }e®», Mwtor .4ber »Sin!lftr rimdli. 
tlonSt will be the deprestioa sf, and tbowfcirB If tJw *'«*ri«»ntJ4ti«*i» * f » ®'4u5tt*ii (lire 
amottnt by weight of sttbsteBM dlnwlved p»r 100 j^urt# wf water] b»» by /*, Hum* 

the hraellpH M- or Uie molwnkr dejwwkw ft»r «. fiwi da** nf uttbatetiwa will i# » 

oonitant quantity; for examide, b the ««« of nwlbyl alr^dod In water 11 a, f<»r 
about 18‘0, for sugar about 18'8. (a) I« fanaral Uw Bit4«vttl4f fi>r »Hbnl«ir#» 

whole Bolulioni do not eondnot an elwtrie earrwil t« atewl !« 6, wb»l» f«*r 
ftnd BUftb like Mb»ta«c«» whose KdalioiM d» eowluol *.|@*i5r*r-lt|, it te « lintsa grater j finr 
instanM, for EQ, El, HNOjj EHO, io., aboai W f« Is Si, f«tf b..rei.« wImsui oh, mA 
,80 on where i wit# la mwaer m It d«*s In Ui» r»»«i pI ib« «.«fn.tUsi |tt»»»*Hris of 

BolttUon# (Note 19). (4) Diffarwt »lv«ite (water, arwIitJ iW'id, A'e ) bavo «A«!h 

Ihelr eorreapoadlag eeaatente of BmteoBkr d»|»ri»»»la« (wbtrb b*»« » r.»>ri 4 in f»fmd» 
bonneetlon with tJjefr meleenlar wol|ht) 5 f« e*R»pl», tw «**llw a^Hd ib» wiMlBwlar 
depression Is about 88 and not 10 (a* it te tm water), i**r Wm»j.b 49. f^r nwibjft ab «4i..l 
'about IT, &e. (8) If the molecalar weight M of a »Bb«tor» W Mnlin^wti, iIibu in ito 
case of aon*eo»dttelorB of eloetrioity or for a ftren gwap, ll »#!•!«? bnitwl b| 4»i«finlwit«g 
the dej^ression, d, for ft gi'TtB eonewtrattw.pj fur axampK »n 0» raws wl of 

hydrogen, wldoh In a non^owiduetor of imdwittkr wwigbi, M. wm f«»nwl to 

he nearly 84, i. 0 . equal to H^O*. 

BiaiUar result* have also h«n found for the faW to th« wp.»r pf fe4tiyon» 

(Note 51), and for tho rl»o of their boiling piute Ut»*ii eki* etay mtn mt*» f«r 

detemnlnlng the molecular weight of a eubsteaw te adatoti, a* l« ®bofilf itew'nbed iw 
Chsptw VII., Note 3?**“). And a* tl«*» eo4«ltt»lw« ar* tt|»j4i»al4o »« Ihtf r^om *»t 
osinotio pressurt (Nets 10), and a varkUon!« th* «»f (. in ftmn 

Hons which do not eonduel an eketele wiiifwt to il»«« whieb d*» ia 

«v©iywh«re remarked,»ll wm Butewai te tee fc.t «««1 wiitiiBiutisisi wbisdi Arr> 
bedu* ftMl)., OrtwaM, aad ©&«*« to iud te ^ iib«,e« »t 

ths.«nhsteM of tiM rteotewbfte I# idmiy 4e«#pe^ te liw wry 
(ti tom lOMl^o, NaOl iHlo Na uni Cth «r tele alowi «l lb«e» Bwb- 

oteifioeB wWeh make tbebr appMraneo In tlwWyd*. *s4 to Ihk way 8,«<i tin* f(»*t 

that i Is greater lor thM bodlet whJeh eesdswlatt tlmtrli wtrant, W** r*»»i ii?«.t»%idi®r 

tee this koowu m tee )4ypote«ilg &f ‘etotfolyito ditmt*-u<4 «)»4f 

heoauM il wholly bHmp te that speeW temA'-'iAyikisil eb*«j«irf, ««4 gives a*'»i»:e!y 
►wy help towaide explaining tee ehmlml r^atteesdi tlwir pi^mg» 

tote definite oompouade, their rteegoue, ead te* wry forwailw). bat al«« Iwiian*# 11J 
ftUttte ebovo data (ter ^etaal degrensteB, m«atfe pmmw. *6.) wli r»fof i*» 
■olatma, and are not appUeaWe to efamg eolattaMj wMtl lb» ini»re*t in 

e^ng solutions is net less than la dilate edaltoai, Dm tourilten frew te* f»»rw»t 
tote the latter Is oonseoative and tewiteblej hmm to ^ btdtm 
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jJJmifttttion of vapour tAnilon to th 0 va.pourtou 8 foftof water at different, 
temporaturoain a giveaaolufcion ii an almost oonatant quantity,®® and 
that for every (dilute) iolutioa th® ratio-botwoen the diminution of vapour 
tension and of the froMing point is also a tolerably constant quantity.** 


(tdUiough it may bo inaolubb.an^ not an vlootrolyt#) a jportba of the atom* may b« 
auiipoRod (Clau«iu«) to b« pa«»*ng from ona i>ArtbI# to another (rhajiter X., Note W), 
and aa It ware diawK'iattHl, but there are ao roa«on» for baUaring Ui«t auoh a sih<>ruim«mt»tt 
la iiroiw to the sotutioua of olootroIytoB only; (8) boeamtono ewwnUal mark of diff«<r«n(^ 
in tilmervod litdwwni Uio Mtiluliun of eieotrolyta# and noM.eMMluetof«, although it might ho 
oxiinftnit thuro wifuld Iw aooording to Anrheuia*' hypothaale; (4) bo«u«« it Is 
rianotialiln to HU))ii(im Ute tormatioa of n«w, wora wmpte, hat OMlahh and dim* 
oiaUnl oumiioutidB in the aot of Mlotion, tbim a dmapMlfclm, «vm purtU, of tbs 
euhtttaiusoB tak«v; (8) heeauw if Arrhettia#'hupothosi# bt aae«pt*d il bwkwos tweewary 
to admit the osiatontw in ioluticms of fro® ions, Uk» th® atom# Ct mr Na, without any 
an^arent «»s>mditaro of the onargy neoMaarj for thab dimpdm, mA If li» thi« wm It 
oiut b« explained why i Chm •>% it ia not at all olear why goluUonB of MgBO^ giro I » 1, 
alUiottgh the Mlutloa do«8 eonduet aa ©Iftotri© currant; (fl) heeanw in dduto i«ilatfon»» 
the apiwoximaUve proportionality between the dopmaaioa and eone«»lr»tioa may b«» 
roongniwd, while admitting the formation of hydratoi, with an right m in admitUnf 

the aolulion of anhydroue BubstamDea, and If toe fwmation of bydratoa b« r»eof»iaed il 
l» eaiiier In Bilmit that a iK)rtion of llu-w hydratea ia d«offijk»«d than to aecept ton 
breaking up into J (7) hecauao the be«t mmduotor* of aleotrioity tun tolutiana like lb# 
aulpliaU's in whu b it m nwHwwary U> reeogniae the fomiaUau of awwwiakHl ayetoma or 
liydratea; (h) hm-auBn the cauwo of eUnslro eejiduetivity ean he »<Km«r l<»»k«l for in ihia 
afflisiiy and thia wuihinaUon of the aulmlancn di«»olvod wstli Urn aolvwit, a« S» mjmus from 
toft fmd, that (Ih I’. Knnovaliiff) neither aniline nor wwtin aeid dluan comluefc an obwlrio 
current, a «tUili»n of wiilias in water condunla it badly (luwl hwre the afbmty i« tptf 
BmalDiWhileawdutiou of arnliitw In wetio arid fiwm# a g«K«l tdoeln-lyto, in whitdi, w;to«t»l 
doubt, ohamiral forrea are wding, bringing asnlino, Ukn wnnumia, into rwnbinaUoM wlto 
tha aoBtio wild; whieh is enilont from the re«««rhft« jmile by I’rof. KornwalwJf upoti 
mixture* (wtlutitmsl of anilinw wwl oUw mwI. lastly, (a) bwwa*** I, l«fi*to«ir witoi 

many of the cliBinial* of tho preftent day, rwiisot regard tlw hj'j»<»U»i>» ul el((wljr»l|ilo 
dl»K>|lakion In the form giren to il up t«» now by Arrhoniaa and OrtwaUt, m aiMW«fln§ 
to toe sum total of Ww ohomirul »l«la rewfmiHing aoluUwne and dtowialhm to f»»«nto 
Tha», altoough I WMialditif il »tt|»rllu«t«a to lUwuaa furllwir Uni di to* ibsfii 

toeoqr of wluUona, atill I IhlnM Uiat it would h« oaefdi ter »ttt4»oto tif eh«iiitey lo 
ooutidw all the data y«f«rrtni to Uiis aubjw'l, whush w* b# ki Iba Xti$mhr^f9r' 
fihytikalUehs Ok«imi«, 3,ai»-l»f I. 

w This fart, whWi wa« »taWi«hed by flay.Ltt«a®, PtaE»a ,»4 v. Baba, l« Witn»i 4 
by Urn Intent olmrrvationa, and enabW si to mif tb# fall of teirfeft CP-jO 


Itaelf, but itn ratiM to tlio towBioa ul water 



Il I# to be wtsftukdl toil la ^ 


absmu'o of any rhomloal w>U«», th* Wl irf ^etmvm b «lto«p f«fy ®r mi 

exist at all (intto sst|, and i* n«l prflt»«*fM*w*ili In lb« qaattWlf M Am •«b»l«»e« ftid^ Al 
a rule, ton tonainn i« then wja^, wwrilwf to tlni taw ei to lb* mm ^ ttia 

tonainns of tho *tibat«nfw.« lahtfU. Hmw# Ibfaldto wbWb af* fewiabte i» Midh @tow ffcr 
wamplw, water and obloridw of «ph«»nl a toBrttts nfwd l» to* mm «f tiirtp taA 

vfdttal teiiBlofiB, and lH«»hs« ttmli a ted# #4 a l«»« Awi IteUIMMI 

irolaUle lirjuld (Mapiua, B^naullb 

®' If, ill the owntplo of wwtwsn «|t, to* fell df b# dl#M bBMfai <# 

vmtttr, a flgnrn i« obteinwl whieh I* umrif lii tti»« toi toa* ^ dl to# Wi 

of kmperAtnm of fnrmalton of (m. Thta If Ml# 

berg, m tha hmln of tha i«|>f4iMte d 


auay Sav««U|uted tdlatow. 


» 
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The diminution of the vapour tonilon of lolufcions explains the rii® 
In boiling point due to the solution, of solid non*volatilo iKKlita ii* 
water. The temperature of a vapour is the same as that of the aolu*< 
tion from whioh it is genoratod, and therefor© it follow* Uiat tUc^ 
aqueous vapour given off from a lolution will bo 8uporlu*atod, A 
aatumted solution of oonamon salt boils at 10rt‘4‘*, a mdution of 335 
parts of nitre in 100 parts of water at 115 9**, and a »(duti{»n of 325 
parts of potassium ohlorida in 100 parts of at 170 ”, if the 

temperature of ebullition be detormin«l by imuimreitig tlm thermometep 
bulb in fcho liquid itscdf. Thi« is another pnnjf of the Inirid whichi 
exists botwoon water and tho suhstanet* diwtdvtkl Ami this bond iij 
seen still more oloarly in those case* (for examph^ in the dilution o]^ 
nitric or formio acid In water) whero the aolution Imila at a highert 
temperature than either water or the vcdatile «ul»tanc« diwdvoti in it^ 
For this reason the solutions of certain goaes—for initaurc, hydriodtfli 
or hydroohlorlo aoid—boil above 100**. 

The separation o! ioe from solutions explains Imth thn phetjomi- 
non, well known to sailom, that the ice formed from »lt water gtvtt 
fresh water, and also the foot that by freeiing, juat m l>y evapmalion, 
a solution is obtained whioh ia richer in salt* than liffuro. Thi« is 
taken advantage of in oold countrie* for ahtalning a liquor from m§,> 
water, wWeh is thto tvapom^tdl for the txlmction of salt. 

On the removal of part of thi water irtm a anluflon (by evapmtion 
or the separation o! ioi)i ft saturated iolntion should bo obiainwl, and 
then the solid substance dteolvod should separate out. Boluiicuw miu- 
rated at a certain temperature should ttl»o*i»pftmte out a wrr»«j,Kutding 
portion'of the suhstanoe dliwlvi^ if they l» r«lue«l, by tumding,*^ to a 
temperature at which the water can no hmgtr ludd the furmcr tpmntity 
©f the substanoe in solution. If this ■ejtotlon, ly eooUng a aaturmtoA 


** Friteiohe *’how«U lhat wlnMon® af ewrtote ftoW Um, 

wWob olwfly ptevM Mto p#»p d wat*t «dy Sslo a •1*1#, «.iiy tetefww* 

tat® ot%h» mblteaw til* rtt ikm te swMa 

eawi 


M Ja of mMi witateiMW (far w|j«*, mium m»* 

efewsl^decBWiitsis^ a kSm of terapmtBra 09«te«« esrtsla tm «ww|4% 

no’le m, M tihe## eakteM® fio iwl Mpufto frew ih«Ap mhumm m etmUm 

m <m «btti A Iriatos ef ama^w* triptote, M n\ hmmmm du»4f 

Oafurtihw healtn|. Th* petal al whteh * sabatoi#* Mpuwte* fro« Ji* wtA a 

Uhang* of lampmtar* give# m wwy »«« ef ib« *4 

thlB wft# kktn aiviMAtap of to P»ef. Al«rf«f far towtetaf ito «l mm^ 

evtolMoea Itaa ptottemwea am mstooU ef atowrfatoa im ton* tb« msm- 

a|:-ta Ito W«mtaatlen «1 tto fewBaMea of im If A » 0 .| 8 M«* of ft *(»W 

siinoA Wtaob MipAtaA «ml m bmUag to taton ffw Mwpta, ito »t mivtmm 

»i4 tedw ti, a»4 el 










loTatinn or by evapomyon, tftko plw« plowly, rryttel# of tb® gat*Un©» 
dbsolved aro in many cmp* formed ; and thi« is tbo omtiiod by whieh 
ctystalg of soluble salta are utually obtained Certain »oUd» very 
easily noparat© out from their iolutions in porfe^«j formod erystalu, 
which may attain very large dimensions. Buch are nirkfd sulphate, 
alum, sodium carbonate, chrome-alum, copper sulphate, potataium ford- 
cyanide, and a wholo aeries of other salta. Tho meat rcmarkablnrircum- 
staned in this i» that many i»oUd« in aoparating out from an atjnrotw 
flftlution wtain a portion of water, forming erystidliwwl wlid 
which cotjtnin water. A portion of the water previoaidy in tb« 
renmiiis in tho iopamted eryitals. 'Ki« water which Is thus rtlalndi 
i» called the wakv of oryntaMmMm. Aloni,isopptrwilph«t«, 01aubir% 
salt, and uwgnMium sulphate contain such water, but noithesr sal* 
ammoniac, table salt, nitrt, potassium ohlomt®, «Uv®r nitrat#, nor 
sugar, ootitalns any water of c«*jstallimUoa. On@ and the mmn 
aubstehoo may iwpamte out from a solution with or without water 
of crystelliMtion, according to tho tomperator® at whieh th# Oiy^tads 
fonuwl. Thus common wUt in erystallitiug from i,t« folutioa In water 
ht the ordinary or at a higher tomparalura does not contain water of 
cryMtttUimtion. But if its teparatum from tho iolution takes ploco 
at a low tomiiorature, namely below —5% then the crystals contain 
38 parte of water in 100 parte. Crystal of the Mm© sultttenco which 
iopamte out at difTorent tempomturos may contain dilTuront amounte 
of water of crystalUsation. This provM to us that a solid disaolvad in 
water may firm various compound*with ii6, diflbring in their prt)f»«rt« 
and oomfiosition, and capable of npjmring in a ooUd separate form Ukt 
many ordinary deflnilo compounds. Thi« li indioated by tho Buroerow 
proptrtitts and phonomena ooanooted with solutions, .and glvoi m«on, 
lor thinking that ther© oxlstin solution! tbimwlvigauoh oompoundb of 
tho iubatanoi dissolvod, and iho tolvont or ooropounds timllar to them, 
oidy in a liquid jiartly deeomposod form. Even tho mhm tf mlutiom 
may often confirm this opinion, Copjmr aulplmto forma oryjitals having 
a bluo oolemr and containing water of cry«t}dlisation. If the water of 
oryitaUimtion bo removed by heating tho crystals to reclnp*»a, a culour. 

anhydrous iulmianuu is obtaiiUHl (a white |»owdor). Fnun tbia it 
may bo seen that tho bluo colour Iwlonp to the compound of fchocoppw?* 
iftlit with water. Solutions of copper iulphate nr© all bl», and 
Jtequently they ooataia a ooropound similftr to th® expound 

gttnornl c'cnHiilemtlonR, it (h elm tlmt lit# Mi^paratiMt d! a mMmm iteftfei f 
o«l»Uu» Khooltl |ir«Mni % wrtain lo tb« rngmAim d iM bmn. a mMm. M 

both a Hatemjpnwam •ft{«B d a sdM fta4 a IktuM h immA. tm» $khma^m»0m 

ChtoMl) mAm, 
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the salt with its water of orj^stallkatioa. C« 7 atal« of Cobalt cblorWIc 
when dissolved in an anhydrous liquid—like alcohol, for instance*™giv© 
a blue solution, but whoa they are diMoivwl in water a red wlution i« 


Potilitzin, coutain six tiracs as much water (CoClgiriH^t») for a given 



solutions. 

Supersaturated solutions exhibit the following phenameuaOn 
the reMgeration of a saturated solution of certain if tin* liquid 

be brought under oertain contlitiont, tlm •xcett of lh« »t»lid may 
sometimes remain in solution and notitq«ml« mL A griwt numlwr 
of substances, and more (Mpceitlly wxUum sulphate, Na,HC)^, or 
Glauber’s salt, easily form iupersaturatod solotlcnw. If hailing wat«r 
be saturated with this salt, and the »luti«m Im |wuimd oir fn»ni any 
remaining undlsrolved sidfe, and, the Wling bilng atill coniltitiotl, th© 
vessel holding the solution bo well eloiwd by cotton wctul, «r by fu»in| 
up the vessel, or by oovorlng the lolution with a layer of uil, then it 
will be found that this saturated lolution do« not arparato out any 
Olauber’i salt whatever on eooling down to tho ordinary or even to a 
much lower temperature; although without the almvi* pnecauiiuni a 
salt separates out on eooUnif, in thoformof eryatol*, whirh rontafn 
NagSO^lOHjO—that is, 180 parti of water for H'J pari# of auhydfoui 
salt. The supersaturated solution may b® almut or »hak«n 

inside the vessel holding It, and no ery»talil»yon will takw plstre ; the 
salt remains In the solution la m large m amount at at a higher tom|«fa- 
ture. If the v«»di heldkg th« tuptwaturatol •®ktl»n Im tqipfwii and 
ft cryrtd of Glftub«p% wdt b# Arowa fe, eryttAlli»tko suddrnly 
plaoe,®* A ecJMlderftble rta« la tewpemtart b notked diiring thi* 


w mu WWA Mpnto oat wt* wtJm ^ mi ii« mnui 

ety9»*Uohya*aki!oms«pMatwM«^^^ Wtir, *»4 it,« fh** 

^soon iB mm ©es^ Ibaa wm taMfiwA Tl» if.i w»m 

prorsd ttmt Baj^rntumM selflttea* donot difw fre« ertlsMy m »f ifc* 

Uln pUse wKJotdtni to ths wdtoiaf kws. 

wry CD^ q^titiet, minnk mynkJ* d Biais, aed mmw mMnm X am 

t«to« about the tnystaOlsatlaa ol aw^pMMakouMsdKtlMA «| sodka 
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rapid saparatlon of ot^itak, which k dut to liwt that ^ »al^ 
proviouiily in a liquid nUte, patsw hato a solid statu. This bmni somo ro» 
TOmblanflo to tlio fact that water may b« oooled Wow 0* (ovtnto—10*) 
if it> l» left at nrsfc, ondor^oorfcidja oiroumstanowt, and wolvos hMtt ta 
Buddeuly crygtalHiing, Although from this point of view there is a 
roiotnhlaneo, yet in reality the phroomonoa of iupermturatod •olutfons 
ii much more compUcatod. Thut, on oooling, a satumtcnl lolutinn of 
Olauhor’s salt de|>ositi oryptak ooutainlng NaiBO^iTHjOj^^or riOjmrte 

vewl, Uul, it, hw wo wRecst ww ioJuttea# ul ©ife** } fw ®ita»p4«, kad 

ftwtote. AoeottlUig to kh« obwrmWotti o( D« Bditettiwuft, Om#*, wd i*>»ar* 

phoHH rntto (anHkfuiM is somporitlm} aw «,pb)««p{ isdsdsf Tfai«a • 

DutKirMlumM wlullos of skW ^ mtel with eryttek td 

phiitta u{ othw nmUsgoSH k» it, Moh m lhM« of mttfSMJam, mMI, mA 

isftnpso*#. Th« «wy«taUi»Ulofl ^ a mpemtomtei BoluUon, »el up by th« wsteet ef 
a misnto ubiwta fem It ta ray» wl^ a Mslto veloelty, Mtk it it svidmt 

Uw mfM* M Ibiy term jpwp^te Uw «fy#talil»«.tlon is dwAsIte dirwlbs#. This 
phnnmmas MMdlfl tte mlstira df Mpslim from prms. As altrMyon of simQiur 
molwsiu# «»»«», ssd Ihsy dtopow thsmMvs* la isftsila ferma 

w At tJi# p»»fint UmB ft view Is vary gttHi«r«Jly aeoftplsd, which uspjrd* 
solntltme m liomoKewBouH HyMtwmw, whioh pMs isto hitsrofesMns Myvtftms (MapMMd of 
a Uqsltl ftwd ft wiH«l eulmt&Hwj), is ail reajwsts exactly rtiemWlng th« patwift ef waiw 
sooled below lla freealitg jKilwt inUi ice asd water, or the |«»«ap of oryataia of rhambis 
tttlphsr Iski mimtKilinia cryatal*, ft»4 st the mosoellnia eryitala IbIcj rbombie. Alttnjsfh 
many phRst»m«aa of euiwraataratiMi aw ths» eleariy undwatood, yel tlw Bpontaswsa for. 
matins d the unMtabte bepta hydmtfid mII (with ?H|0}, Is the plftoe of the more itabte 
d» 6 a>hytlrfttwl aalt (with mol. 10 I{«O), IsAImIm a property of a aaturatiKl tolotim of 
sodium HulplMkt whiolt obltgaa one to admit that it has a differesi atnwtsrt from as 
ordlswy solution. Httslwrbacheflt awtrla, os th« bask »f hi» waaarohw, that a wlutten 
of the di»ahytlrat«l mltgiv##,on avaporaliem, withoutthe aid of b»at,lhed«NMik*hydrated 
salt, whilst after lieatinK above # 8 ** It form# a BUpitmturaWd aoluttea and the hapla- 
hydrated wit. Hut in order Uvat this view should be aoeeptod^ soma faets mtt«l b# dla. 
eowwd diwtingttiahinf aolutioni! (which aw, aecordisg to thl« vi«w, liomsrie) e©nlainltt| 
the hepta-hydrated #aU from thoM eoslaininf the dwa-hydratod ndt, asd all afltert# Itt this 
direction (Iha rtudy of the pwpsrWw of the aoluUona) have fivtn native w#slt«. A# 
some mystallehydmtMi of salts (aittm*, supn- ef lead, aaJeiam ©hterlde) malt »twd|hlwfty 
(withoHl wpwttof oat aafttaBf), whilst ettiaw (hka Nft, 804 ,WH 90 j aw temkes «p, 
then It may be that th« ktt« aw only in a state of etjnilihriutn at a hJRbw t«m{>«mlttw 
than their moUlttB jmml. It may here Im ohservad that in melting cryaUla of the deea- 
hydraU’il jwli. there !» fnrmwl, Inmiiles Uw »olid Btihydniua wait, a aaturatod aoluUoa 
jiving the hepta hydrated writ, an that this paaBage frum the dwa- to tUo hepta-byrlmtod 
salt, and the wverw, takes plftce with the termalinu of the stdiydrous (or, it may b«, 
»t(mo.hydrftt«d) aalt. 

Mwewvar, wupraaturaUon (Potilitiin, IWi) only taket plae« with those Buhsifts^ 
which are ©apable of living several wwUfic«Uon« or wtveral eryatallohydmt##, top^ 
salMfttod wluthms sepamto out, bwudea tee stable wnmal earyataUtAydral" 
wmtftMnf tas wat#r and alw» the anhydrou* salt. This d^tmof naturatiw 
tefft auhalttee dlswWdi in a like mannsr to beat. Sulphate ol sieksl ' 

18“ to Sfl** Bwpratos out rhombie eryetala with 7HsO, at to 40* r 
eif^O, at fit)"* to 70 '* mtmoeUnlo eryatal*, alw eonlainttig HKfO. 

©emposition »ei*arftto out from atipermturntod solotioM at «M f 
bn I at diffwwni degrees of satu^teb m wm teowa tey Lm 
eapitolty to voltml^y separate eat eU^tty hydteW «» 
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the salt with its water of oryttallmtioa. Cryitali of oobalfc chlorWl® 
■when dissolved in an aabydroui Hquid—like alcohol, for iMtanct—glv® 
a bluo solution, bufcwhon tiiey are disaolvtsd in water a red ■olution h 
obtained. Crystals from tho aqueous solution, according to Profewor 
Potilitzin, contain six timei as much water (CoGl|,611^0) for a given 
weight of tho sal^ os those violet crystals (CoClijHaO) which ar© 
formed by the evaporation of an alcoholio solution, 

Tbat.solutions oontain particular comfwundi with wator is further 
shown by the phenomena of supenaturated solutionn, of »»-callis! cryo- 
hydrates, of solutions of curtain acidi having eoojtaht btuliog jKiinta, 
ond tho proportiea of compounds containing water of oryitaliisatlun 
whoBO data it Is indiaponsablo to keep in vitw In the coMlduraliott of 
solutions. 

SuperBaturatocl solution! exhibit th© following phenomnnaOn 
the refngoration of a saturated lolutlon of eertaio if ih» liquid 

b© brought under oorkin ctnidition*, tho ixecM of th» iofid way 
sometimes remain in solution and not iofmmto out, A great number 
of substftnoec, and mort ®@peeia!Iy ««liu« eolphato, or 

Glauhor’s salt, easily fom iuperiftt«»hnl wlotltma. If boiling wat«r 
be saturated with this salt, and th© wlution 1»« |wttr««i off from any 
remaining undliiolved salt, and, lb© boiling Wfi| *1111 cam!««»!, th© 
vessel holding the solution be well oloiid by eottem wool, or by fusing 
up tho vessel, or by covering Ihi •oliiUon with » layer of itil, then It 
will be found that this saturated iolution doM not t^iwrato out my 
Glauber’s salt whatever on eoolloi down to tl» ordtnaf^ or even to a 
much lower temperature; although withoul tht above pns«ytJ«»M ^ 
salt separates out on cooling, la tho farm of eryitol^ whlrh CMnlaln 
Na^SO^lOIIsO—that is, 180 parti of water for 143 parti of «ib}tlrotti 
salt. Tho iupersftturatod solution may hi »»fid abowt or ihaksn 
inside the veiiel holding it, and no ery»lij||«.lbn will t*k« ; th« 
salt remain! in the solution in m large «t amownl if al i higlwr i»sii|»eft. 
ture, If the v«iel hol4lft| wpemlmtod •dnlkti bn o|*Pft«| wid 
a crystal el Olanbii^ wAt bt ttirown k, e^itoltetto« wildmly tak^ 
place.” A emwidirable riae ia itmpimtiw b tiuring ihjg 


>♦ Thou* BSitei wMA Mpmto c«i wliii w»4w ^ mi 

wyntiOlolayamW tom snp«mtawMi « 4 alb»t wItt lb* Miif •*! 1I4* pi», 

muob «i«« 00^ ikm mm mmmif Tfc* ft«l 4 *u *«« 

^yeu b tha ]m% ctttttiy by Lwwt^ ta ft. Wmmsm »mm*hm h*m 

proved that enpeimtaraM kswl Atltar «*i«*^.* to «,* ife-is, 

Msantlel propertoa vwrtottaw k ^ ^ 

&o., Ink place aoewteif le lha ordtai^ tet, 

*» Iiuwmaeb at air, aa has Amm 1^- AM «0wl^4 k 

email quaniitlee, mtaak «r Mte, mA 

bring atout tk oryekUlMAlw el of 
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mpld Mp*r»tlo« f»f ery*i*lii, wkfcli It Ji»» !-*» ii» 
previously In a Ikiuid state, itita a it4i4 »i*t# Tli.4« li»#» 
(psmblwu’p t*ii tlw tmot tliafe wftt#r inmj im tm:4ml lmlu» o’ ik» ’J 

if It-bti li’ft at wt, ttfidw «»»! lw«t!» 

iutlclenly rry«l*l}l»lnf. Altlioagli tmm tlik |«4i%< v.| «j«» ikmtv I# • 
r«emblanc», yiii In r»*lily tli»* |>ti»ii«ifn»rpsii «•! 

la muoh more mmpllcatwi. «»« tinMr-g. a i.# 



*4 •mSfli*** i /,!#'t m >h> f »** 

pfcatM t4 wUwr »»tak a«»l«^.fes te si*, m^h m !♦* >»* .t ri*** -«► b r i* « i ^ * w| 

Tl» r»f « jifcfel * ' *s t j , 5 ;* t , f 

a wtattte wfital, fr*'®* H I# t»#® wi#** 4 ««« 41 * i* t.'i !»».*..* »<■** 
ttw M lfe»f tmm |4,« ,> * ^ 'i i ••? 

wsails lfc«>4 »ff« <«*«■-•> h mu-* t - ,4# 

PW«*«, «*»l llwy Ifcil>4i6»l»#s iis ♦ 1 *'^/ to * i « * << ♦ 

Al ttw nww a tis.«» i»n-^tf ^ *»l» 

folBWi'fia M h>*wi«5j®lw M9 ««»!« «t®. fc-Ss, '» * .4,- » »»»»»*# it ^ | 

a ljk|tii4 i»n4 « @i'li4 »il »s» *11 r*®-# to »»* Vi «•*.. i » s' e 

ttit»l#«| Iwiniiif ila ffpmiSiUu* I .« 1 w4 i. » *» I - a,S®> s »' e | t,in, n # . » sSj » }**«'»* 
iwilj^ar i**i« *«t,4 1 ® » ijssit,.- I, s * 4 ,. 

»«»y pf •ti| rr»jkto#f*s<< i> •« .’«.> * , 'c *} ,' .js, , i ,, , »># 

»#tkw of lim tiftsl«l}» Isii'H* Itjr «*j| «is» P, i », » . i * > i-u .»• 

mM »p 1 l-i’ltg* »i, li 1 «, I ® »4i kv.? , I 

»dltt#a wbiwIS « I }'»,»» <« ® fc f «*S* -< S'dI » ’ »6 * * ’fflt I »l! ..4%vl *, 

wdlaarf fcslMisi-sB liiiljrfiM i «i@ *w4»-i* »><1 <}» >%!» i - t» j-*.*-*,; s* si **» » » *<-» 

of tbs «i«rA fe|' 4 Wil »4 «*n - >s »»«! > » l'* 1 t ^ mt i’j- ... * »»* ®i*| 

mil, wHibt «t »« i,i f »“ * • « ■■*«'.«*! fj**,'4 , ».?*%, f t, .i* 

hj‘«ln.l*<i lisil in mAtt 5 t»*l ifci® « *» #!■, <!* tn v»^ t»>t # -n*,* fty t* »*4 ^ ^ 

eoifsrri «»l4te*»»i!«ii b «»#- »t ml - ^ 1 * s t, ^ >s4.j„* t.^ 

U» ht»{»l*. Iiyi(lfiite 4 Mill f»-«« I, ll* V* |.f* *#si**.} »»/4 I *,,4 %ivm 

(lii« mliirff **f Itt* *# »># -H. t, tg«« 0.t^pi t* %* 

mm *4 «*tn» #4 1^*4 

(wtttwal B«l »M# ‘Wmm f'*« H #*« , i. 

lb« H wAf |*» ib»i kll« m* K**S# i* * «%*l* .f mj* * *.!% j,i * j, si i, ^ 

than lh»ir wwjiiHf |».!til It »*«f te»s» te .!<»*#«* I i ’,, *% ^ s.*i» «. <• »*, n.# 

hltlrste! ®all. ftscS® tft f S'* .r 1 , I »-» If® jS IS fc ? 1 , < » I « a» I », 8*1 i « 4 . /* 

111 ® ti|f 4 »ato I *all. », 0 »J IIh» t 1 s ’5 *. t 4 '« ^ , 1 ^4 

wait,( wkI IW l*fcr® it® ^ 1 »i I ii* » t I i *• ■ j 

iiw»e»>hy<;tt*.ta<l'i Mil 

swiwitislsraliMij ni*«4slito.4*4, ISiSii 6 *||i % -it (.i, *» 

%'4 #t| ^ sS.i.si .."4 % . 1 * 

tm%,%mmi4m Iji* ®i*|«S» .« 

«tei#il^ l#l* wstef ^ d»M lfc» aiAf4tw»* Tint =-1 mlmtuaim mm 

th» » life# mimmf »** l>w*i *4 #*, 4 ** 4 ! ,« * ^ 

IS* to •e|»«le« BUI fbit«ito ttfml* •4Sl» lii/i. *1 **' i« *-.s 

SHfCJ, *8. M'"' In 10 ■ *,3*, ^ i ^ mMm 

mnpMiUm oal fit«» •»*|i*t»»l«»*l«4 •! «»» ®f* to 

b«l ftl iifrtwii is^rwis rf m mm Aw*» If ^ 

MpAf to ’MlttalMtl WpAto AM «|^Mf M ^ 
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of water per 142 parte of anhyarrot salt, not WO fmrti of water, 
es in tho above- wentiouea «St. Th» cryslali eontebsng 711^0 mm 
distinguiBhod for their initebtlily; if thoy ttencl in mmUei not only* 
with crystala of NaaSO^.lOH/h Imt with many olhw Bubstancw, they 
Smmofliately bocomo opaquo, f*.rmin|| a mlxtnrm b( &nhydmtw and clum- 
hydrated aalte. It ia evident that Wtw«»fi water and a wdtiblt wh- 
«tanc 0 there way \m ItteWisliMl diffwni kindi of grmter or Inti »tehld 
^iquiUbriuTO, of which soktioni forta a |mrtirwkf 


tluaUmi o( a prywlal itiUt llw »tilu(l»n k p«sm«»Pft !»• «IS B«|4#y»»l»r*l«.S ap|«il«»« If 
tirtlfc fonntt R mtfH-rBRtiirtttfrl ihpn <««> w,.»a4 «.> ll»i» vtow, Ihrt 

it Hhniild ill It «* of hyiJfutB* m I# swrerAl tw»hn¥*lhm». fkm 

roUlititin t'limduilwl llmt t>t rtwnmw, »l»lA *!»»» »i»}«*fc*taf»t»4 

iionn, rfioulti ha PRualik nf h^umm h^tkim iIm. »*.h|=:tr<«« «*li } 

ani he «uot>ewW in diwwvprmg tH« «4 tw« hfimUm, »wi 

apparently ar((:K)3)/iHtO. IkaWw Ihk ilw** «4 tlw rvmmm «ehf»lfrnw 

mat were ablainKl, tliffwing fn»w wwh u^hmf in lltoir tmm ihm 

fleparaleft eat in the farm nf rh«*mh»*’ ••rkS'WsIr*^ Irv p|*l*s!|tw |•k^e*. m ihirt 

in loiitt lirilllr pri«TO« <»r plaks. I'urtlwr 'Atmmi lb*! •all* mhu-.k »f« «*»! 

eapabln of forming auiwraalaratwl ein’b m lb* t4 r*l* w*». 

and barium, i»art with tlwir water *4 with t8b*t rff*taltw wiih 

IH3O), and dw»»[Kii« very idowif fa » ¥»«»«» pr <» 4ff Wf. In »at4* Iba 

tension of distoelation i« wf wmll in Ibh eUm of bf4r»l»», A» IW |}y.tMi#i pba«*. 
terisad by a smadi diwciaWfflfV tenateu w« 

ao oenvfwaly mpemiAttmted wdatewt gin wluii# «!| sbww!*feto.« te 

^nat (PotUiitsfte, IHSa). 

JlmitWeni,like milk,aim mm|w»^ ttf u iKdalinw «f <!««»»«• s-# sistnlM etuluteip^ 

«r of oily liquids su»pend«l in a liqnbi te tlw {«« «s| whwl* #?» r.lBsitf vWM# 
under a miomswipa, and tern an *4 a •liteii 

aolulion. But tbs difference from is h*?* #«44»sl. Tlisf* «#*, kwwviw, 

solutions wbiob approwb vtny neiw te wwbWmw it* lb* imritHf wWli kIpj-I* 
dissolved separates from Utem. It imn lonf t»ww fc»«w», tm at«i»|t.S». »l»al «, fuMteakir 
kind of Prussian blue, KFejICN}*, dnnwdm ta pw* »«*«, !b«l» m lb» *4 tk» 

amallesl quantity of eitlwr «f a nuwWr of wite, It «»4 W-jw®-® te- 

soluble. If copjmr sulpidds endmiitw 

(tlifl oxperimentH with lbe«* wuVwtlarwrs prw#^ »tlb ffw*! mm, *»s4 !*♦« 
tained Is eamparatively stable), awi rttany olliw »»#talfe» l»f « 

matbod of double dsromiwiUim |by t4 hi bf4f»«*« 

aalpbida), and ba Urtn aw^Uy sltewfaf ita p*Pif4l^ i#» «i 

the liquid, wtd affcta aifcf itrij^liw^ hyii^W *b«, m •*» «iw«8 bf 

8ebnl»®, trwt, (oA ©insw, *• pwftorff I*** lr«#» 

panMit (tor W, tftd Iwwaj ^ ***4 i*«w. gfm,mi>k 

beowa j for oaimluJBt mi liidluw, |«tt«w j ud te li##, »btei» way 

be ymmmA (the mmSm «» 1«^ i% 1^| «,»» list mhk\ 

nevertbdes*, In ttm« ttat k, Mj^xyte te m fw, «*.t tlt«« **»«» 

iimas baeome wysklUne Mtd quite ^ »*iw* 

observed the power shown ^ eolwa* (rn^md »r 

Horn of gslaUmm eotWds, mi, ta d««Ai^ itealM ^ iifcn, •« 
ooimion to apeak: of «ueh 

Bs the axistfng etate of me knowfadp wmk 

looked Oft as a transition tetws« meUm m wfcpf ^ mn 

^pnenb ^ be ft^ad ahmil thwa onMi » ^ te 

ordinary aolntSons (the AokUon* of «v«a eetete **^1^ Mm i* 
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SflktioM of wtUt on rofHgomtion l>elow 0° deposit ice or crystals 
(which then fn«iu«ntly amtftin water of crystallisation) of the salt 
diiWfUed, and on reaching a oortain d(sgroe of concentration they 
ftoHdify in their ontira mt«. These solidified masses are termed oryo- 
Jiydraim. My rtistmrehiw on aalutions of common salt (1808) showed 
tlmtito mdution sciUdifiea when it rcachos a composition NaCl + lOHjO 
(180 parti of water per fsB‘5 parts of salt), which takes place at 
about — The suUditied solution melts at the same temperature, 
And IkjIH the }s>rlion ttudUid and the remainder prosorvd the above 
oowjHiiiititin. (1874-1870) obtained the cryohydratea of many 

«ttlt*, and hw fchowt*tl that oortain of them are formed like the above at 
comparativnly low tempomturea, whilst others (for instance, corrosive 
•uhlimat©, alttOi*, jiotaMium chlorate, and various colloids) are formed 
on A slight TOoUngf to -“2® or ©von before.''®. In the case of common salt, 
thi, eryohjdrat© with 10 aooleoulea of water, and in the case of sodium 
nltmto, the cryohydmto®* with 7 molooulos of water (i.c. 126 parts 
of water pj’f 85 of salt) ohould bo accepted os established substances, 
m|mble of pawing from a, solid to a liquid state and conversely; and 
therefore it luny be thought that in cryohydratea we have solutions 
whieh are not only uudet'ornposablo by cold, but also have a definite 
oomjKwition whioh would prosont a fresh case of definite equilibrium 
Ijitween tlie itdvoiit and the aubatanco dissolved. 

The formation of doftnito but unatable compounds in tho process of 


bdttw t»*, and, aemnUnf to Outhrle, do not fomi eryahydmtoB), and to Buporsaturated 
wdaUtm#, with whti’h Uwy Have point* In common. 

“ Offpr (IMAJ f«im Wa rMCMohea on oryohydratos, that they are simple 

at l« Halt*, having a oonstMit meUiug point, just aa there ore alloys having 
a M«*tMt point ol fB«kwu«ad wlatian* of liqaida with a constant boiling point (see note 
m). This iow ««»h how«rv«, wpJala la what Iona a salt is contained, for instance, in, tlio 
wAfAwt# NftCl WIV* above -10® common salt separates out in 

)Wd a* asox -10®, in oombination with water of 

«pWUIi«4tetti NaCl + aHtO, wd, therefore, it is very improbable .that at still lower 
It wimifl separate without water. If tho possibUity of' tho eolidified oryo. 
hylrate r.n*Ui»i«K NsC’l + SHaO and loft h® admitted, then it is not door why ono of 
d.K.* iml mdt Urn other. If alcohol doo« not extract water from 

the solid in«M, Imving tlw wall behind, this does not prove tho prosonoo of ice, hecanse 
aiwhtdalwt Uhos un wster from th« orystels of many hydrated Bubstaiicos (for instance, 
tnm N»C11 Sll/J) at their it«Mllin« pt»int». BoBidos which, a simple observation 

m tt» wfahydrate. Nat*4 4 Wtf jO, show# Uial with tho most careful cooling does not 
m th« addition wf lee .tepodt it«, whioh would ooow if ioo wore formed on solidification 

r^d to crywhydrates Uiftt many of tho solutions of acids solidig 
«omr‘i»Wy «a r^4«tg«l cooling and 

4^nite vowpound*. For the wluUotwof sulphuric ^d (sac 
abtelned. tor in*te««, a hydrate, at -25®. HydrooWorio, nitric, and 

ndds al»n «iv» simikr ©tystebln® hydratM, mblth^ at low temporaturos and presentjajr, 
mmy dwlloritiM with th« «ryahyd»te@. 
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ioJution becomes evident fr!to the pbenoroeott of n merYedl deormu® of 
vapour tension, or from the rim of the tomperatoro of thullition which 
ooeuni in the iolution of eertain vc>ktile Hqwida and gm*m in water. 
As an example, we will take hydrimlie acid, It I, a g« which lic|uefie«^ 
giving a liquid which boila at - SO" A wilutinn of it rtintnining 07 
p,o. of hydriodio aokl k di«tingui«hiwl hy the fact that if it Im he«t«| 
the hydriodie acid volatiliii}^ together with the water itt tlt« »amp pn>. 
portions a« they occur in the iolution, th«*r«’f<»ro such a »oluii.ui timy be 
distilled unahangwl. The solution Innk »t a higher tcmprftturo than 
water, at 1^27**. A jKsrtion of the physical jmqwrtici of tlio gw and 
water have isi this ca»ti alroatly dimppemmi —a new Bul«tatn'o i« formed, 
which has it« doflnite boiling j*oitit. To put it more r«.nwtly, thsa k 
not the temiioraturo of ebullition, hut tlm tcmpt'wturo at which th# 
compound forei«I d«©ow|K»M, fontiing the va{«»uri of the pr«Kl«eti» of 
dlMOoiation, which, on eOoling, ro‘«unhlni». Hhould a i»« amount d* 
hydriodio aoid he dlwwivwl in water tl«n the aUivo, then, on heating 
Buoh ft solution, water only ftt first dktilt over, until tho »»4utititt 
ftttftlni tho ftbovo-menWoned (»TOpt«itlon; It will then distil mm 
unaltorod. If mor# hydridlio aoid bo paatol into auoh a »Mlutlon ft 
fimh quantity of the gm will dlnwlvo, hut it |i*n*« t»IT with gr«l 
tft«e, like air from water. It mutt not, hiiwt»vi*r, l*r» th«»ught that ihti^ 
foroeii*'which determine the fomjftlion of onlinary solutione 

pky no part whatever in Urn formation t>f a wilotion having a definite 


atant gaseous lolutioni vaiy In their cwmfKwliInn under difTorent 
pressures.*® It li not, tlierefore, at every, but only »t tho onlinary, 


^ For thin mumn (fch* mmi ef »4 iJw> .4 Wsf. 

teg #olalion» with a chiwigonf iwwtiwwh Ww «4 hf 

Toktlle Bul)«teji«»-»far t»y hytlfwiWtvie **14 !« 

It !« genenvlly argMod r« fttUtiw*: U »ImI wlrtawtifwlMjry «4 r-.s»|i.-i««.oM, H 
would te unRliorwl l»y a rliwign ut immwt*. tial IW 4i«iai*b.4t .4 »-.iiaSa»4 
■hyaratSR Is uojlauljteclly by lb* w|«.air jWmwIw® t»f 

Btesftu), Itka Iks di»llUaM6» rf MMaSwlaft, tal^wte #*14. *«». !>» «r«if,|.}«i# 

posiMon et Um wIfiBaJ iwupeiwl—th*l te, Kalwtowp** «l«» »*-*« wswi }*» a »l*to »»! 


vapour, hut thate pwiuete ©f 4««s«f©rttia« fkfin^hkmm »bi4 m4 w*Uti *»» *1 

iSm tea^&«atu»» ©t vekWlsaMett, wW^ 4l»Jv» to ih* f»,te«Uw4 w»4 j 

hut the eoluhttli^ «l pMs te U^uidu 4»p«4e m Ih* wni4. . «*«. 

el eo»«tea.t heiltef *»l, mwI twa jwgitl l*», tMf will* m »l 

preerore, and, further, the melter Ih# prwtsmw uk 4 ttm Iwww ih» >4 Vi^W 

tUlButSon, the more likely ie a trueeB®|wtt*id to he «»hl»iii»4- A«s*wiril»i*a t*» ih« 
of Roeeos and Difetmar (lai 0), the wwiUsit tethaf «4 

to oontuin 18 p.o, of hyd«mhl«te a«M at a prwittwt of 8 aiwft«f4»fi «*,» p» all niwi*. 
i^ere, and 98 p.e. at ^ of an atoot^ww. 0» pawipf *jf ihf««*«h ite* iwuil 

iw empe^ttea heeasie ewtslant terring {h>i mmmt *rf •mfmmt m i4 liydf®. 

mode ^d to paM away wite ate), Ubm a^ wm 

80 p.o, at 100®, about M p.o, at W®, and about M m, at #, Aj# i 4 ** ♦■.«»*. ihfn* 

.by deoreaeteg the pree.ure and bwtrteg tfc. 
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ittmo^herlo pwiiuro that a cotjitajnfc IwHing •olution of hydriodlio acid 
will conituu 57 p.c. o! the ga#. At another pn>it«r« ih® pro|K)rti 0 in of 
water niul hydriiKlio Ackl will ha diflbrent. It viiriw, however, Judging 
froju oliservtttiuni niado by limcm, very littlo for ronjjIdomWo vArktiooi 
I>n«8un». Thi« variation in cnmjKjtilion «Uri*i’tly iiulicatea that 
jprofjijuVo Mxorti m influoneo on th« formation of unntAblo chomioal 
eomjKmiuis which uro tmaily dsaaociati’d (with fornmtion of a K“). jwst 
m it influortrtni thowdution of gjwj’s, only th«' latter Is intluonccd in a 
monj cotmidcrahln dogrt*« than the forawr.** Hydrm'hlorie, nitric, and 
^thcr arida form mdutium ho-ving tk^nits h&iling jtwin##, liJko that of 
hydrimliit aciil. Iljwy ihow further th« ownofflon property, if contdaittg 
hut ft «midl proportion of water, that \h&y/unm in air. Strong ioltt* 
tions t>f nitric, hydro^dorfe, hydriadjo, amd other gmm &m own tennid 

at t}»9 ttwae limit, wlwM eotapoiJUtMB stotild b« lakon a« llCl + 011,0, whteh iwqulm 
■M'ifl |>.e. ©f by*irt»hl«rle mid, Fumteff hytlrtwWwrte wW more tJmi tW». 

Xa tb« mm alrwly rnnHldeml, m i» tbe eim «f lormi« wid m the rwmrfilMWcd 
©. P, KsrtMWftlttf! (nolo 47), Dio rtin»l«it Iwalnin wtlutinin corresjwntU wIDi ft mlftlmw 
teiiwiiiii Dmt IB, wiDt a jn'int hiKlwf Dwn that nf either nt the 

••JememtH. Hut Du’io in ttimUior t etto of nmutftiit Ittiilmg wiliitu'm* winikr to the «»e el 

Dm enUitum >1 J'tojiyl pJi'mIiu), wlioii e miltititui, hy tlwllljAUtMii 

IkhIk »t ft lowor |«'mt tlimi that of Dm »n<>r« volfttilo Jmuiil. llu»«n>r, in iSno ,*4M» 

if them )*o milultmi, lh« |Mi»Bi)ithiy «if Dm fnr»is.tiMn of ftilohioto r(<ii*jk.imul in iho f«na 
1 ll,{» ^•^olll•lt W thnnwl, wu) ttio tesinHin of Dm wtlutimi in nutn» IU« earn 
.©f t«ii»ii«im of Dio t «imjH<npiit«, Tlmre ftro jHtwuhlo t»f e<»tiatftiit IwtiUtiif mislurM 

•ftven when thoro Ih ii«» wiimiHH rn«r i,iiy I»»« of U*tii«u*o, ami raiitMMjttoMUy lu* ehw»f«il 
fttilhin, wiifo Dio ftmimnt of Jiijuulu Diet mr« ¥tt1ftti}i««l f*i tjoleniiinwl hy th» jiftidwt ol 
tliB VftjMiiir iloimitioa liiDi Uwir vtt|;-i»iur l«i#ion» (Wenklyn), In of whteb 

Uijuiil# ftJiow* imiiinic fHiint i» ehorn 1W>" Utf lii»tA»», tnri»iiUM« ftsd iftherml oil# to 
.feiiefftl wtioii tlmtiUiKl with iwjttetittft VftpMttr, |»*« ow ftl ft t*rap«rftttt» twhiw IW*. 
CiiswwiMoiilly, it la rtwl to tH« amrtwey of w»mtwwlUtm wsd potol (tempwfttttwi of 

4»M'omiHmlli»n) thftt erlileBe# nf a itoltoeft «h»m{esJ j|«U0«'k to h« fo8»4 to the 
*d»wrilwl wltittons of ftsMn, httl to lh« fiml loi* ©f whieh wtftmW#* 

Dm lu** of twalott eta«*¥^ few toiteftti#, to Mto eomhtofttfaB* «f 

fttAaw* wiDi water of erystetttofttta* (m teter, nete M), lelphurte ndfd, HtSO*, M m 
fthfljl leam ktor, i» bIk* by dliMlkiteft, like HGl + ftIf*0, «ad «!rhfbftfl, mars* 

'Over, all ilio BlKii# of ft tkfitiito ehwtiieftl wntiixittml. The ilatly «f D» varkDoa ©f th# 
illi- |.;rtoi(ii’B of iM>Uitii‘ii« tt« <h't«'iuU*til on Dinlr i'ttiin«mili«ti (sp# note 19) #}kow« Diiii 
fliPnoiiH’htt of ft Biiiiikv Jonil, •iltli<i«,i)i of tliff«r»>iit ihiiipn»ioti»», kke plftoe to Ui« fomft* 
Itoii of l»-Di n,!U), from 11,0 innl BOj, ftml of XtCl + OlIjO (or of aqueous wluDon# 
»ft«ftli«nui* to it) from ll(*l ttiul Hjtl. 

*> The raBMit w of Ulo mutter mmy In* lhtt» reprewmtedli A gweeus nr eoaily volftDlo. 
wlwtMii e A form# ftlDi Rcertem qnftntily of wftter, nlljiO, ft diflulte complex oompoond 
4»na», whi. h i« ftkt.le up to ft tewp«mto» f“ hJflier Dmn 100^. At Uils temtieiffttur# 

<4 k tW-oiinawl inl.» two sul»t»i4iiH*», 4 *11,0. Both kill Iwlow f« at th» ordtaiuy 
proftwre, ftti«lYjiBr«'for*i «t they dtotil ov«r ttmJ re comblrio to tba rm»lvm Bat if ft 
pftrt of lh« dwhatentseAnKaO k di^compiwwl or volfttiliwKl, a portion of Di« ttaaoeompoBoa 
%«W «UU reiiifttMii in Dm wwm), wliich eftn parlklly (li»«ilv« one of Urn prodnot# of 
4««oi«i«*iliiw,*wul Dwt to quantity varying with the pressure imd tenipornlure, and 
tyhweforf* Dm solution at ft eoofttent Wiling point will have ft DigbDy different ooropoih 
iSmU dlffonnt prwfttum 





wwdHM or mmmm 


m 

fuming addi.* fuming a wlwt ■ 

ttmpemtttr# d tbnlUikm (d^w]^ltl»> » fe%^r tlwi tTO*, uo^ 
tein alto an •xtie« of Uht wktik lulwlsmo d^4wi, wblc^ «*Wbit« a 
oapwity to combin® with wator and f»m » bytlmto, wkwi r»fm» 
tonilon la Iw than tbattfl mftmv. Cto #t»|wmiiRg In a|f, 

tbia di»d[v#d mMan©® »«@ti tlie «t»t»»{»l»rlc »i»l»lar» and formi » 
viilbl® wpottr (fttw«) wltb it, wIiI«?Ij wwbta «if ftlnnfn-iwwikiii^ 
oompcwuftd, Ttt« atometlw or aliniti wbfcb Wnd*, for Iwtaiw^ 
hydriodio mW with wator to nvinmi tmi *»«ly In lb# c^whiiioti oC bm% 
and tha dimirmtion of mpcwif i#»iton (ri*** «f Iwiliwf |K*ifti|, bnl «il» 
itt many pun’ly rhamicat fvkttow- llitii hydricKlie mid it pwitw^i 
from iodina md hydropti in lb» of wst^r, hm ttiili»i 

iWktof ii prw»nt thw ration dtw* not lab* |*lw.•* 

Mimy eompoundi eontnltitni water of fryitollisallort art* »oU4 tub* 
8teno« (wb«n »®lt«d thrj um alrrmdy fciktiotti -i#. Ii*|wiiii|; faribtr* 
morfi, they tro of kdnii ffwtn wshilitin*, Itfe^ 4« «r 

ftquioaa vapour, lilmy «my l» ridW erymmlia kpiimt**. ai 

liio dlrtot priwoe® of let or va|«nr r»«no« t* Mlitiiiti^ la 

•dtatioM (for art llqaidsh i» tb@ prw^or# of »«i#r ia*y 

Wi »«dfO tbiw li m bi*l* te wbiwwledgitti tbe |ir««i#»e« iw 
of oiytklte-bydmtoi, alltoofb Ibw obiftliiwtl fctdiitlims m 

(W^** It is #vid8ttt. tl»t ittdi pimenl «n»» of tb« mmf 

tom# of tquUlWttw b«twt» watwr a di^dvrd fw it. 

This term, how«w, rtmlndt oat, in all cd that 1% 

aguaous tompouwk wbteb *« wow li»« M*lly d@c«H|M»«l, wtik 
d^pamtlon of watoraad tht formltoa of »a«|a»c»tt» »r an «nbydr»w» 
oompound. In fciet, tbtm ar# wot a few rr|9tAli r«<t»iAiaittg wattr 
wbieh lo«« a part of tbdr wattr at tb« ofdlnwy C»| »ack 

a kind, for laitanoi, a» th* e^ilid* ef wd», ©r »*dw» 
whiob, 'whtn from an i^ttwai »tiltttloa «t lb» «rdk$»ry 

t«wpa«tor^ ar® gaito trwMiwsmi | Iwi wlw Mi Ut wr* 


. ^ ^ U Wfew- Ifeww W* *111 rn^t^mm la 

m%^mf •¥?! I»rl» by-dt#* 

^^memm ^ ^ fc w»*fc »®4l|l»«s|* 

•* wte««» |lr« M If*wf k %hh fwanm.! 'Tlst** « awtellaa 

m ooi^wapt^ j, p*!,. cv«», * *,#4 

Iwi idtiMw ^fi* mm iffgteh M a Ik b^lit mtm wwit »k*» 

^itbk ft# ^ tti4 iBli In »,! |*c«| 4« &«!*, 

llw rrf«te|« *4 t»fi* mK 
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4 portion of their water, Vxxsoming opaque, and, in the prooes*, lose 
their crystalline apfKsarance, although prosorving their origiiml forra. 
This priHjesH of the *epii,ration of water at the ordinary tomfMsrature 
Is tornuid the effiureseefm of cryttals. Efflore*«»tioo takm place more 
rapidly under the receiver of an air pump, and ©ajmcially at r gentle 
hoftt. This breaking up of a cryshd i» diMOciatlon at the ortliimry 
toroperaturo. Solutioruj art^ deeompoftcHl in exactly the wmo nmnnor.®* 
Tho tension of tho aqueous vajamr which is given olT from orystnllo- 
hydratei is naturally, m with iolutioni, leas than vajHOur toniion of 
water itself at tho «mi tomporatur#, and thir«for® msmy «4nhydr«ou» 
sal(» which aro ©sumblo of eombini*% with wmtor a^rb oquaoui vapcmr 

** EffloMtc^ae®, like mvry sfftfwrrttoa, j»rat»e«l« frow th« «fo.rf«»e. In y» tnterltMr of 
wystal# which hav® thw l« a»«^y found a «««8, m Ant A# 

majority of afflor^wd oijfcAli of WMUaf goda Bhtfw, in A@ir fmetur**, a tran^panml 
nuokoB wftAd by art tfflowiwd, epoqu*, powdary miw» It l» a rwmwhftbjti clr«3ttm#l&n» 
la Ain ttol efflowsoino* ppoe§«d» In a eomplsAly «»d ttnif(*r*a mwmet, 

M ArI A« RaglM and plMiM of ^mikr oryBluJltv^phl® rimal. 

Aawmwly, wad in Uil« r^apeet Ae cfy#Wha« form det«raj»e« Aow parA of wfs-Wa 
whcm «l«irt»,Bud An itnlor in which it cxmlmut*. In wdutkaia evapomitet 

edw> ptNtwiwln from tho »\»rfwHt, and the flrwl cryalfda whioh aftiwar on Ik pwmhinf tha 
r«qujr««l degree of ttalumliiiu 8.r« alw fttmtetl &t tU« Alter faiUng A the b«it<m 

A« oiy«kJi» naturally oottUnuo Ui grow (*## fliapkr X.). 

w Aoocirdlng ki lj»B<H»ar {IMiBl, at S.W'’ a ««i»uk%kKl ewluAm of liarium hydroii,yk, 
DaHiOi, cm first d«po*Hinf wt^aklit (with + lIjO) Iw* a tenakm of aUnsI ftM mm. 
(la«t«ad of 780 mm., Uw knaioa of wakr), which d#cri»«»# Itwcaaeo A« aolatkw evopo-. 
nJIm) to 46 aim., whin all Aw walw ia ext»U«tl frwii th» ery#UJ*, Ualfftli +11^0, 
aw fmrmod, hut they also to* water {dl»«ookto,»flli*r«c« at lOO®), Imfinf Ae hydroiMi#, 
whlA i» jwrlwtly at k, dim m% w!A wwtor« 

At 7S'* (As tonaioB of water te than iftfl warn.) a wduAm, wotolnlsf Wll®0, on wywtadW* 
Inf ItM a ton Am of WO aim.; At arystdi, BaEfOg t B}1«0, which Ml, hav» a 

toniJutt ol 180 inm. j on toatug water A«y fiv® t HfO. TWs (whtten*# *wt 

diMmpMH at 71^, and A»wfor« it* toarim » 0. In ai7akJM.|4mtM wIdA 
•ffimam at Aa wAtonixy tempsatm, Aa taate of dlModatei MMdy iki^pmdwAw to 
Aat of A« aquMW vapw, m XiMOMt (IMU dm«d. ^ Ihb M «M^powd« 

Wong BtOs (0 + «) HA OfO A (S+«) BfO, BaO C» # «) K«0. «d fcO C» ♦ ») And 

a atlU fwatw tenalcm la jioaaMitad by HatW 4 lOB^, HatOOslOHfO, and KgiO^ (7 4=«y 
HaO. Mllllor-Ershach (l«i4) datemlnw Are tonitea (wlA !«(«■»» to llqaid water) bf 
|»ltM’iiig luhwt 1,1 lire wiinn length with water and lire »ubiki«e#« aaparlmantei wlA A a 
dealw'tttitr, the rate ef hiwt of water giving the r«Iatlro tenalan. TTiua, at Are ordinary 
temiwtttnre, erysUla «f w«lhun iihevepUate, NaaliPOit'ItItaO. pr»«wni a ten Am of 0*7 
©timpaftwl with water, until they loan BH^O, then 0 4 untit they lw*« SHfO mtme, and on 
loaing An ImI wjuivaleut of water the tenakin falls to 004 C(tim|>an»d with water. It 1$ 
oloar A«l An different nuilnculw of water aw htld by an wreqnal fmrw*. Out of A« fivt 
nsiokettlea of water In ©upper aulphate ths twn first «a».p*mAw^y awlly aspwstodL 
#¥«» at tb« ordinary temp«r»ttt*« (hut only after @«fml dkya in a d«wlowtor, 
to Latohkmfiq; Aw n«!(t two an tnnira di&ultly ae{tarat»d, and Aw kM e^nimlwt k 
ntainad nvan at 100®. Tlilw la imeA«r Indimtow e# Are td to fc«# thiwa 

bydmtoa, CuBO^Biy), CulitJ,BlttO, and Th* rwmrehwi of Ajs^lom* m A# 

twAm of dlMMiiation of bydmt^ aulphato td mppm ehowsd (IMt) Aa wAdaM# n| 
Ar«apm^M«,cl«arMtorla^atafliwlttmp(MMa%a«MMunttwa£to«ii fDto^MWHt 
Adh (t) h«tw«ftn loS, and laaAy {$} htilmw A>} Mlamto ©I mtkmt wIMi apM twfem 
UmaxktMM of Atraa byditdM of iAov» lyM* «ail„ 

#g 
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from moist ; that is, they act like a cold body on which water is 
deposited from steam. It is on this that the desiccation of gases is 
based, and it must further be remarked in this respect that certain 
substances—for instance, potassium carbonate (K 2 CO 3 ) aud calcium 
chloride (GaCla)—not only absorb the water necessary for the formation 
of a solid crystalline compound, but also give solutions, or deliquesce^ 
as it is termed, in moist air. Many crystals do not effloresce in the 
least at the ordinary temperature j for example, copper sulphate, which 
may be preserved for an indefinite length of time without efflorescing, 
but when placed under the receiver of an air pump, if efflorescence be 
once started, it goes on at the ordinary temperature. The tempera¬ 
ture at which the complete separation of water from crystals takes 
place varies considerably, not only for different substances, but also for 
different portions of the contained water. Very often the temperature 
at which dissociation begins is very much higher than the boiling point 
of water So, for example, copper sulphate, which contains 36 p.c. of 
water, gives up 28-8 p.c. at 100 °, and the remaining quantity, namely 
7*2 p.c., only at 240°. Alum, out of the 45-5 p.c. of water which it 
contains, gives up 18-9 p.c. at 100°, 177 p.c. at 120°, 77 p.c. at 180°, 
and 1 p.c. at 280°; it only loses the last quantity (1 p.c.) at its tem¬ 
perature of decomposition. These examples clearly show that the 
annexation of water of crystallisation is accompanied by a rather pro- 
fotmd, although, in comparison with instances which we shall consider 
later, still inconsiderable, change of its properties. In certain cases the 
water of crystallisation is only given off when the solid form of the 
substance is destroyed; when the crystals melt on heating. The 
crystals are then said to melt in their water of crystallisation. Further, 
after the separation of the water, a solid substance remains behind, so 
that by further heating it acquires a solid form. This is seen most 
clearly in crystals of sugar of lead or lead acetate, which melt in their 
water of crystallisation at a temperature of 56‘25°, and in so doing 
h^in to lose water. On reaching a temperature of 100° the sugar of 
l^d solidifies, having lost all its water ; and then at a temperature of 
^^)°, the anhydrous and solidified salt again melts.®® 

It M most important to recognise in respect to the water of crys- 
toUisation that its ratio to the quantity of the substance with which it 
>is combined is always.a constant quantity. However often we may 


... acetate (C^HjOjNaSHjO) n^ielta at 68°, Taut re-solidifies only on contact' 

ft liquid even at 0°, and may be used for obtaining 1 

Jeonnel, the latent heat of fusion is about 28 
Wt hntia .4 to.Kdkering the heat of solution 85 calories. "When melted this 

Bw tttm- - I *** tension of the vapour given off at that temperature egoald 






ON WATER AND ITS COMPOUNDS 


106 


prepare copper sulphate, wo shall always find 36‘14 p.c. of water in its 
crystals, and these crystals always lose four-fifths of their water at 
100®, and one-fifth of the whole amount of tho water contained remains 
in the crystals at 100°, and is only expelled from them at a temperature 
of about 240®, What has boon said about crystals of copper sulphate 
refers also to crystals of every other substance, which contain water of 
otystallisation. It is impossible in any of those cases to increase either 
tho relative proportion of tho salt or of tho water, without changing 
tho homogeneity of tho substance. If onco a portion of the water be 
lost—for instance, if onco efilorescenoe takes place—-a mixture is ob¬ 
tained, and not a homogeneous substance, namely a mixture of a sub* 
stance deprived of "water witlv a substance which has not yet lost water 
•—i.e. decomposition has already ooramonood. This constant ratio is. 
an example of the fact that in chemical compounds tho quantity of the 
component parts is quite definito j that is, it is an example \>£ tho so- 
called d^nite chemical oampounda. They may be distinguished from 
solutions, and from all other so-called indefinite chemical compounds, 
in that nt least ono, and Bornelimos both, of tho component parts may 
bo added in a largo quantity to an indofinito chemical compound, with¬ 
out destroying its liomogonoity, as in solutions, whilst it is impossible 
to add any ono of the component parts to a definite ohomiool compound 
without destroying tho homogeneity of the entire moss. Definite 
chemical compounds only decompose at a certain rise in temperature; 
on a lowering in temperature they do not, at least witlr very few ex- 
oeptioDs, yield their components like solutions which form ice or com- 
(pounds witJh water of oi^stallimtion. This leads to tho assumption 
.'that solutions contain water as water,®® although it may sometimwi be 
un a very small quantity. Therefore solutions which are capable of 
eoli(J%ing completely (for instance, orystaJllo-hydretes capable of mdth 
ing) such a| the compound of 84^ parts of sulphuric acid, H^SO,, with 
IS'I parts of water, HjO, or HaSO^jII^O (or H^SOq), appear as true 
definito c'hemu'al cdiiijiouiKk. If, then, wo imagino such a definite 
compound in a litpiid Ht.at(\, and admit that it partially do.coitiposos in 
this RtttUn, separating water—not a« ioo or vajvour (for then tho system 
would bo hetorogtmoouft, including BuUstanccB in different physical 
etatee), but in a liquid fonn, when the system will l>o homogeneous— 

Booh a phenowantm fretpiimtly prooeut# ilaoJf in purely oetlfflcu 

ingt&neo, let r litiotel A gi'w, with otiothw llquitl BobtUno# B, usdsr ecnftt 

Uems of on oi£|torir)vonl, o mure roinwU* quonlity of ft wilid or gft»««8 gabtlaaca 0. ThUi 
ftmftll quantity will mtimreU <iut {jmA« ftway from the sphere oC aeUen, m BwthalM 
cxpmued It), anil l)»fl reniftlnirtg ««»««» of A fta4 B will afalnfive 0\ 
undear thftsa ©onditlmm ftcUwn will go on to the wi. itwh, it w®m« to ms, Ip tfi® settsa 
Id MlntlonB whoa they yi«W 1« or vapoar prweww of wstor. 
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we shall form an idea of ft iolutlon m an un«tftbk‘, dissfidAtmg floldl 
state of equilibrium between water and the aubstaneo distol ved. Mor^. 
over, it should bo remarked thatjudgingby t«xj»f^rirm'nt»nmjiy iulatuneeii 
givo with water not one but tfiw'wc<nrii«»und#,'*^ which ii In iho' 
capacity of one sub«taneo to form with water many varioiw tryfidh* 
hydreUm, or compounds with water of cryitalliMliorj, ahowing divors& 
and Indfipendent propertiM. From th(t% a'»nwdeniti»»n**, 
may be regarded a» fluid, unttaM^, d^nii* chimimt etmjHmndn in a 
elate qf dmociation,^^ 

or Certain Bul‘»ta»«!ii are eat>aWe ef »»»« r«t«|».niwj, 

wr6raJ,.andi tliew of Uie moat wl«l »f atebllltf. Th« (w.«j«.t»»4a »| w«i«.r «» 

ln«lanoe« of tUi« kiml. In wlolUma the esi*l«n«» «*f 

ngiat b« wknowlotlged, but many of thena ha^e not y»»l t»»« obtaiop.l *ii » fr«»» ««! 

It may be that they cwuwl be obtained in any other but « it-mi iHai 4 *. «H®**ivKl 5 
Jaab M thew mway nndsmbtwl dfeflnlto whtrb *11 i»* »»«b ihy^kal 

elate. Among U» hydrate* eurh inttt*nw>« w*ur. Tiw c>ijiw|»*m*» 4 fi»|» ulIjO {f^*’ s»ni» 
01), fteeording to Witiblawahi, only twtiw in a **‘h4 f«»rw ijh»« li^H » 

Pe Forcrand and Vdlani), Hllf t H*tl flWieteKwl, «dy W »tsy|»ta4 «**> ih*> 
ef a deermee of tension, bal tiwwwlvua m wry 4»»»#4fhl anl^iAisr^a, 

el exi*U»g ia a »teU» ttm atete. Even «l|ihttri« «--id, iliwlf, wtoeh tMoh'wbiwtiy 

l« e deflaile eompoand, famw In n Ikinki fttrw, giving of iii» »phyd»4», Wt»j that t®, m 

eiddbite a vfiy aMtebk equUtbriftw. hydrates t4 t:Wi*iitiie. t1j * »il/h 

d hydwpn rolpWd®, HfS + ItEjO (it it frtwwt «l ff*. mti t« r4t»|4etely .WMSwifc-wkwl nl 
+P, M 3i«i I wl. »f water «ly dlwolw## 4 vr^. ot bf<lfs*«» »t»i|4iKl», wh4*> «l l» i'll 
dleeolveft ebeal 100 vale.), w«l ©f mwy elh@f «*f h|4«»te» »Ht« h 

very uaslable. 

«* Of eneb e kind art el«t> otlwf fndiiHit« e^wtenJ f.<f 

roelelHo ahoy*. Thew are ediki lutwlww^s « »»dkt*lbd Thoy »!«> 

oontelB deflaite compound*, and may ewnteia an ««••» *4 r«« of ili» Ars.-rdm* 

lo the experimente ^ Lanria (1«W!, Um tUloy* df tin* with eapfwr »« rpsj*. 1 i<t «». wt**. 
tromoUve fom in plvanle butter}*# behnw* Jnrt bk*» rt»» if the *4 r..f.n*t' In 

the alloy doe* not exceed a wteln prwwbifr* that K » iterioiiB t# 

ettftlned-»for in llml me jiwtlcdw <4 fr« »km nr# ft***!; b«»l tf» r->|.|«r tw 

taken, timl it !>« aivered by only 0 r».lh«itt*«dlh |«rt at Its «»# r.f altw, i}mt «*»!y «t*tt 
eiflO will act in n gaUanie battery. 

Aeeowling to Uw nUtivo th# In Ik* »»n»«» »4 lh» 

WneUe hypothetls of waiter {Ui»l H on Ihe nT « Intertwl ,4 

molomle# aad alems) way b« in th« frftewii^ ■ l»» % 

lipid—tw inslMie^mtw—wntottiw to n ©wiaJn «i*te »4. 

^ eteUe* epntWtt*. “Wtaft e wteteaw 4 dl«dw»i i« water, it* |»u>ters*lKa WJlH 
6 W«m WPBtewdee «t mt«,^r»teiw inE^, whWs m m »»*teb|« ifert wW« 
by moleeaiti of water they deeampe** »a » tl»i 4 tSfSU (»*«« «lf 

meteoalw ©I water to wwtow, and the aeteenhi# d water wMph «l m* m.mtmm la 

hameniow motion with 4 la to« f««B ®t te splwi t» lit* unUnh 

may have nteeaahf woMeMl la pttlRf f»«. d »*!«• »*f r4 w..Wtt!*a .4 d 

may either only alter the rmmb« d tm wolwal#*, whkh In ih«4r t»if« 

AnSaO, or they may latwd«e eondltta## tm a« |*»»iibdltf trf tmiUrng ap mm *.ya*w* 
AwfflhiO, where m In either grmter w l« Um fi. If to llw »4»ife»a liw *4 th* 

molwale* U the same as to the eyatem iwK^, ih« ji« p4 fn>*k df 

waterjw 0 ! 4 would be foUowtd % the ©f mm wsteetthw 4«1L{l. Th« r»kiiv# 

quantity, etablhty, and oowpoeition of tlMw eyt^Ms er <l«ittll« rwapstiBwlis will wj to 
i <mo or another solotlow I adopted Ihte view of eoMm fl«. 
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In regarding solutions from this point of view they como under th© 
head of those definite compounds with which chemistry is mainly oon- 
Icornod.^® 

Wo saw above tliat copper sulphate loses four-fifths of its water at 
100° and the' remainder at 240.° Tliis means that there are two defl- 


lUt forward tv elmilar view) after a most intimate study oI the variation of their siwoifto 
.vitiaa, to which my book, oitod in note 19 , la devoted. Dofinito comiwunds, AnjIIaO 
and AmillgO, oxisting in a free—for instanoo, solid—form, may in certain cfisos bo hold 
In Bolutiona in a disHooiatod stale (altliough but partially); Uroy aro similar in titoir 
Vtruoturo to those definite aubstanoes which are formed fn solutions, but it is not necessary 
to osBumo that suoli systems as NoaSOi+lOHaO, or NogSOi + VHsO, orNagSO^n ore oon- 
^md in solutions. Mio oompoxativoly more stable systems ifniHgO which exist in & 
froo state and ohiuigo Ihoir physioal state must present, althougli witliin certain limits 
!of temperature, an entirely harmonious kind of motion of A witli WjHgO ; tho property 
also and state of systems ilnEgO and ooourring in solutions, is tliat they are 

a liquid form, lilthough partially dissociated. Substanocs A „ wlddi give solutions, 
0 difltinguisliod by tho fact that they eon form such unstable systems AnltgO, but 
esidos tliom they can give other muoh mor^ stable systems Thus ethylene, 

I9II4, in dissolving in wator, probably forms a system C9H4WH9O, whioli easily splits up 
nUi Cgll^ umi HgO, but it iihui gives tlio system of alcohol, Call^iUaO or OariaO, which 
B Comparatively Hlable. Thus oxygon can diswilve in water, and it can combine with it, 
farming lairoxido of hydtugeu. Turpentine, CniHio, does not dissolve in water, but it 
tombluea with it as a oompai’ativoly stablo hydrato. In <ithor vvokIs, tbo chomical struo- 
ture of bydrates, or of tho deilnitu eumpouiids wliicli ore coiitaiued in solutions, is dis- 
flnguislmd ngt only by its original pcmirliarities bnt also by a divorsity of stability. A 
milar etruoluro to hydrates must bo aoknowlodgod in crystallo-hydratoa. On molting 
.ey give actual (real) solutions, As eubstancoe wliioli give cryatallo-hydrotes, like salts, 
jure capable of foming a nunibw of diverso hydrates, and os tlio greater Lh® number of 
moleeuloB of water (n) they oontaiu, tlm lower is tlio temimraturo of their 

Iformatlon, and as Uie more easily they decompose tlie more water they hold, thorofore, 
tho first pkoe, the isolation of hyd^tos holdbg muoh water existing in aqueous sola- 
8 OMvy be sooueet looked for at low tmnperatoreB (dthougli, perhaps, In oerlain oasea 
ly ooundt exist in tho solid state); and, secondly, the stability also of such higher 
dmtes wiU be at a minimum under the ordinary dronmatlsnoes of the occurrence of 
quid water. Henoe a farther more detaQed investigatton of myohydratea may help to 
Uve eluoidatbn of the nature of solutions. But it may be foreseen that certain cryo- 
hydratos will, like raolalllQ alloys, present Bolidlfled mixtures of ioo with Urn salts tlvom* 
JlolvoM and their more etahlo hydrates, and otliors will bo definite ooinpoundB. 

'** llm alttivo roproBeJitation of BolutltmH, <feo., oonaidtiricg them as a jMirtioulfljf state 
at duilintu oeniiKiutuUi, oxeluihm tho indei>undoat oxiHtuuco of Indefinite oomiwundB; 
|by this mt'tms tlmt unity of vheinlcal oouceplion I •, elAaiuod which i'ftntie)t bi\ arrived 
(at by ttflmitting tho pby»ioo.mftchanionJ conoopUon of indefinite compoundM. The 
gmduol trounitioi) from tyincol solutions (ae of goseB in water, and of wuak saline 
'WluUonn) to Buliihurio tuiid, and from it and its definite, but yet mtstablci and liquid, 
pomjtounds, to clearly deflutHl etimpounda, such as nalte and Uveir cryBtallo.hydratea, 
Ja so itnperoirptfblo, that in denying that Bululions iwrt&ln to the number of dofinito 
l)ut diBsooiating cs(jinfa)UndB, wo risk donying tlio diifiniteness t»f tlio alomio com* 
{KiBilion of snoh substanooB as Bulidiuria acid or of molten orystaUo*hydrat#s. I 
^eiKMvt, Itowevor, Uiat for tb® prowut thu thoory of solutions cannot be considered os 
jOurmly oHtahlialiod. Tlio alKivo opbiiou about tliem is nothing more thou a hypoihuht 
endeavunrs to satisfy ihoM comparatively limited data whteh wc have fox the 
about ooluMona, and of Uiose cam of their trondtlmi Into dofinito oompounAa 
oohmitfttng eolnlfone to fho JOaBonle ooueopitoo of atomiam, 1 b(^ that era laa^f aoi 
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siiitie oompouBdi o! witter with th§ ftsAjdrott* mit. Witihittf iwdit or mr* 
bonata of sodium, Na|00| •©pamt^ oat m er|itek, NajCOs,J0H|O, 
oontaining 62*0 p.o. ^ wafcor by wdghti, from ite •olutlons at th® 
ordinary tompsratur#. Whea % solution of Uw natnw «ali tiopcwlti 
orystala at a low tempamturo, about-20®, tbon thw crjatak coritela 
71‘8 parte of water per 18*2 prli of anbydrouf Mtlt. Furlbw, tb® 
otyitiU ar® obteintd togetbir with loe, and ar« Ivlt Mtlnd wlttin it 
mdti, II ordinary »da, with 83-0 p.e. of water, t» c»uii«mdy riu4ted 
in Iti own water of erystalUiation, there nsmalnt a mli, In r fcilld itete, 
■containing only 14*6 p.oj-of water, and a }it|ttld it obtelainl which ©on- 
tains tho tolution’of a mlt which out ery*iali »fe 34*, which 

contain 46 p.o, of water and do notifflorwM In air. if » 

saturated idutloa of ioda b© pit|mrMl, thiw at fcemiwratuwi IwSow 8 * 
it dipodlti crysteli oontdaing B4’8 p,o, of water. Tliua m muty m 
dv® compound# of luabydrom loda with water aru known i and ihi»ya.rt 
■dSttimlkr in tikiir propictiet and eryttaJlinfi fom, and mm in thnlr 
solubility. It ii to be obiorv*4 that th« gimteit aiittjunt of water la 
the crystals oorimpondi wiA a tempcratwri of — SCi*, and thii sioallKl 
to high^ timp»tftif«, “niw® h apj^rently no rrsktloa l»tw*i« 
abo'T® quanMIl# of water and th« *lta, bat thin Is only Wf»u*« in 
<oaob 6aw the amount of water aod aahydreut mil wii glvoa la jw. 
oenbaget i but If It bi oalfioktdl ter ©no and th© mxm *|mntity ©I 
anhydrous ialt^ of ^ water, a gnat r^ukrity will !«» oWfvwi In tho 
amounts of the oordpanwib parte in idl thi*> ©ompounda It apjuiart 
that for 106 parts cl anhydrous wdt in th« oryttek wtparatiJtl mi at 
•“so® thor® are S70 perte of water; In th© eryilaJs obteJoi^l at IS ’ thoro 
are IflO parti of water j in ttii oryttak obteintd from a 
solution 126 parts, in 4e oryitali which inimrtti out at 34'’, ftO parte, 
and the crystals wiUr the smallwfe amaunt ^ water, 18 j»a,rt*. On 
comparing these quaatitiis of water it may «iily l*i iepn that they are 
in simple proporton to ©adb ether, for thoy ar® all divklbk by 18, and 
are in the ratio ,16 1 10 1 7 16 i L Hatatally, dllrtel @t|»ri»i«it, 
however eareft^'itbeowduolid, te bampw^ wiOi error*, but teWng 
unavi^Me ^pertmwitid mmm im wnAbratlon, ii will be 
swr tiiat for a quaatt^ of an anhydroui iuktanw ibewi «»or, 
te sevei^ tditi compounds iritb water, quantitt^ ©f water whieh m 
in very rimpk multiple proportion m ii ok«^©d in, and to »»»» 

orif to a pnetel Kwwftttdow dtomitel t«l dw tl»i mm wolltMi 

(tnwMgfttion anS moarab 1*411 hi the ol irtaiteW, wlitt Mstl rfibw 

I fcrwy 

pMtfl(iniftot^*iaetilil|tob«aM><»wwitliw^oi rta* 

lions (note 40 ). 
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to, all definite chemical compounds This rule is called the law of' 
multiple proportions. It was discovered by Dalton, and will be evolved 
in further detail subsequently in this work. For the present we 
will only state that the law of definite composition enables the com¬ 
position of substances to bo expressed by formulce, and the law of 
multiple proportions permits the application of whole numbers as co¬ 
efficients of the symbols of tho elements in those formula). Thus the 
formula NajOOg, lOIIaO shows directly that in this crystallo-hydrate 
there are 180 parts of water to 106 parts by weight of the anlrydroua 
salt, because tho formula of soda, NajOOj, directly answers to a weight 
of 106, and tho formula of water to 18 parts, by weight, which are here 
taken 10 times. 

In the above examples of the combinations of water, we saw the- 
gradually increasing intensity of the bond between water and a 
substance with which it forms a homogeneous compound. There is a 
series of such compounds with water, in which the water is held with 
very groat force, and is only given up at a very high temperature, and 
somotimos cannot bo separated by any degree of heat without the entire 
decomposition of tho substance. In those compounds there is generally 
no outward sign whatever of their containing water. A perfectly now 
substance is formed from on anhydrous substance and water, in whicla 
somotimos the properties of neither one nor tho other substance aro 
observable. In tho majority of oosos, a considorablo amount of heat ia 
evolved in tho formation of such compounds with water. Sometimes 
tho heat evolved is so intonso that a red heat is produced and lighbr 
is emitted. It is hardly to be wondered at, after this, that stable- 
compounds are formed by such a oombination. Their decomposition 
requlroa great heat; a large amount of work is necessary to sepsrato 
them into their component parts. AH suoh compounds ore deflnito, 
and, generally, completely and clearly definite. The number of such 
definite compounds with water or hydrates^ in tho narrow sonao of the* 
word, is generally inconsidorablo for each anhydrous substanoo , in the 
greater number of cases, there is formed only one such oombination of a 
substance witli water, one hydrate, having so groat a stability. Tho 
water contained in thoso oornpoumls is often called water oj comiitution 
—-ia. water which enters into tho structure or oompositioix of tho given 
eubrimioe. By this it is desired to oxprosi, that in other oases tiho 
molecules of water are, as it wore, soparato from the molecules of thait 
fiubstanoo with which it is oombined. It is supposed that in the forma-j 
tion of hydrates this water, even in the smallest partioloi, forms on& 
<mmplete whole with the anhydrous sulMtanoe. Many emnptoi d 
tim foarmaUon of snob hydna^sos mi^l bo cited Tho mod lawllfan* 
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exarnplo In practice) 1« tJie hydmto of lima, or fto-mllfnl 'Rlftkixl' lime. 
Lime ia prepared by burning liniMfcone, by which the «irl>t»nir ludiydrid® 
ta oxpollod from it, and there rernaini a white Bt«>ny n»ah», which t« 
dense, compact, and rather te'naciou*. Lime it uiuidly fe?ihl In thii 
form, and' boari the name of ‘ quick ’ or ' unfdakiKi * Hme. If l>f 

poured over «ueh lime, a great riie in uunfumAturi^ k r<m«rk*'d pithor 
directly, or after & oerUlb timt. The mww hf»i, pAit of 

the water is evaporated, the stony mw in nlworbing wat<T cruntbh*’? into 
powder, and if tho water 1 m) taken in MfHclfuifc quantity and thn lire® 
bo pure and well burnt, not ft partich* of the original utopy mann is h<ft—. 
it all crumtilea into powder. If tho wator |>e in oiroin, th«>n naturally 
a portion of it renuihm and forum a soUstinn. Thist la caUttJ 

‘slaking' lima Blmked lime la «»*d in prAclico in inforndxturo with 
sand M 'mortar. Blaktd limo i» a definito hydrato t>f linun If it it 
dried at 100® it retains 24’8 p.e. of waiter. This w«ior can only b« 
expelled at a temperature almve and then t|ui«’kllmf» ii w>nbtalndl, 
Th® hoftt ovolvod in tho combination of lime with wator l« m fntonw 
that it oan set flr« to wood, wlphur, pnpowdw, *6. Ewn tm mixinf 
lime with ice thi tempimturi risi* to lOO'-*. If li»« \m mtdateiitti with a 
tmall quantity of water in the dark, a Iwrnlnowi efTcv11» ol«nr%'efl. Hot, 
nevertheleMi, water may atlU be ispamliid fronj thl« hy«lr*toJ* If 
phosphonm be burnt In diy air, a white iulMitonoo eiU W * phewphorte 
•anhydride’Is obtained, It oombln# with water with luch oiiyrgy, that 
th® ©xperiment must b© ©onductod with grrat caution. A rwi bmt (i 
produced in tho formation of th« compound, and it {« im|Mfs*lbl*i to 
eeparate tho water from tho imultont bydrwto at any tpropratoro. 
The hydrate formed by phosphoric anhydrid© l« a »ub«t«.nt*ii which If 
totally undecomposftblo into Iti original eomponimt |«rt« by ih@ a^^tioa 
of heat. Almost as ©nergetlo a combination «»Ofi when *«lphttrlo 
•anhydride, BOj, oomblnM with wator, forming Ite hydrato, tnlphurto 
•acid, HaSO^. In both oasw daftnit® wmpoandt aw produced, bal 
the latter »ubftaa©% m a Uquid, and m^bk of l»y 

heat, forma an tvldwot Ink with t^tlwii. If W ^rt« of *olphBrio 
*j%dridt wteln 18 parte of watw, teli water be wi*rat«l f«wi 

tha aahydride, mm at a tempmtur® of 300*. It te cmly by tl# 
addition of phosphoric anhydridt, or by a itrte trf ri»i»lc*l tmorfcii«a» 
tions, that this watev te.n ha from Ite rfflmptittndi widh 

aulphurie anhydride, OH of vltetol, or luiphuri© arid, k wah a m- 


nu wmbiftlng with water w partly mm «f m A 

high tempamte^ k oh^®a, the erf ttw 

f ^ «« water, »|0, wd temtof mmh 

■liyeroriae), NuHO, SIS mdte of iMriw ea«h pirt ty 4 wti 
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pound. H a larger proportion of water be taken, it will combine 
with the HaS 04 ; for instance, if 36 parts of water per 80 parts of 
eulpburio anhydride be taken, a compound is formed which orjstalliseB 
in the cold, and m^lts at+ 8®, whilst oil of vitriol does not solidify even 
at—30®, If still more water be taken, the oil of vitriol will dissolve in 
the remaining quantity of water. An evolution of heat takes place, 
not only on the addition of the water of constitution, but in a less 
degree on further additions of waterJ^ And therefore there is no 
distinct boundary, but only a gradual transition, between, those 
chemical phenomena which are expressed in the formation of solutions 
and those which take place in the formation of the most stable 
hydrates. 

” The diagram given in note flfl ehow^ the evolution of heat on the mixture of 
aniphtulio add, or mono-hydrate (H 9 SO 4 !, ie. SO 3 +HjOJ, with different quantitioa of water 
per 100 VOI 0 . of the resultant solution. Every 08 grams of eulphurio odd (H 38 O 4 ) evolve, 
on the addition of 18 grams of water, 6,870 units of heat; with twice or three times the 
quantity of water 0,118 and 11J187 units of heat, and with an infinitely largo, quantity of 
water 17,860 units of heat, aooording to the determinations of Tliomson. Ho also showed 
that when II 3 HO .1 is formed from SOj (>=80) and HjO ("IS), 21,808 units of heat ora 
evolved per OH parts- by weight of the resultant sulphuric odd. 

Thus, tor different hydrates the stability with which thoyhold wator is very dis- 
dmilar. Certain hydrates hold water very loot^y, and in oomhinlng with it evolve littto 
heat. Prom oUior hydrates the water oaunot bo separated by any degree of heat, even 
If they MO formed from anhydrides (».«. auiiydroua nuhstanoos) and water witli lUtlo 
evolution of heat; (or Instonoe, ooetlo anhydride in otimbining with water evolves on 
ineousiderable amount of heat, but the water oonnot tlien bo expelled from it. If the 
hydrate (oeetio odd) formed by this oombbalion bo strongly heated it either volatilises 
without ohonge, or deoomposes into now snbstonoes, but it does not again yield the origh 
nal substanooH—f. 0 ., the anhydride, and water, at least in a liquid form. Here is an 
instonoe whieh gives the reason fot eaUiog the water entering into tlie oomposltion of the 
hydrate, water of eonsUtntion. Snob, for‘example, is the watmr entering into the so- 
eoUed eaustie soda or sodium hydroxide (see note 71). Bnt there ore hydrates wbleh 
cosily piurt with their water; yet this water easnot he oonaidered as water of orystaUisa* 
iioQ, not only beoanse some endr hydrates have no oi^talline form, hut ako beoauso, 

in p^eetly analogous eases, very stolde hydrates ore (maed, which are oapable of parti* 
cular kinds of oheroioal reaetious, as we shdl subseqnenUy loom. Such, for example, is 
the unstable hydrated oxide of copper, whieh is not formed from water and oxide of 
oopi>or, but which in obtained j a«t like (or more stable bydratee, fot oxtvraido, the hydrated 
oxide of barium I)an 909 <»tiual to IlaO + lIaO, by Iho double dooomposition of the solution 
of ealto wlUi alkoJIcB. In a wonl, tluir© i« no distlnot iKiuodoiy eithoi' Iwtween the water 
of hydrates anti of oryetdllBation, or between solution and hydration. 

It snufil be ohsorvod that in separating from on oqueoas solution, many Bubtjknoos, 
without having a eryetolline form, ^d water in the sme unstable stato m in orystok ( 
only this water oonnot be termed * water dl eryatollisatlon Mf tlm eubstanoo 
tsoporoMs ont Ium no eryetolline fomu The hydratos of olnmina and sIUm ore mmmpkNI 
of sndh unstable hydrates. If thsM substances are separated from on oqueowi 
by a elmmieal prooess, tlmn they always oontoin water. The formation of a sew bhsmlM 
compound containing water is hero portloulmrly evident, for alumina and sOlm in m 
anhydrous state have ehemioal pcopmMm diffsirhig from ^o^ they show when oombfam* 
wiUii water, and do not oomUne dJmtly vMi it The en^ Mdas of e^Oolfhi 0|t 8«1MV 
ataaOe* ocanpcnuafbwidi 
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Wo liavo thu8 considered many aspecta and dogiw of comliitiatioR 
of various substances witli water, or irwtaneiis of tiio comjxmntk of 
water, when it and other subatiwiew form now horongen«JOUa snUstanees, 
which ia this oofto will evidently complex--i.#. moth* up of diirerent 
substanoei—and although they are hotnogeiwousi it must h© 
admitted that In them there exist tlumti compoiwnt piirta which etstor-ed 
into their oompoaitlon, inasmuch m th®#» |»rta muy Im rt' ubijiimHi fr«tn 
thorn. It must not be iiuaglriC'd that watttr rually exijst# in hy<!r«.ttt of 
lirao, any more than that !c«» or stmra oxkte In water. Whrn wo my 
that water occurs in tJio tH»ni{Kt«it.ion of a oorLun hydrato, wo only wish 
to iKiiut out that there are chinnical tmnftfomwiioni in which it k 
powiblo to ohtfdn that hydrate by mcani c»f w»i«r, and (iihor traiwfor. 
mations in which this water way Iw awpiiraUnl out frmn tho hydrate. 
This is all dmply ©xprtwtxl by the words, that water ontoru Into th® 
composition of tliln hydmte. If ft hydrate t«« fornnwl by bomln, 
and bo docowpoaod oven at the tirtUiuiry temperaturo, nttd bo » U«juld, 
then tho water apjww*# tm om> of the pnaluota of and 

t^ls givM an idea of what iolutlimi are, and forms the fundiinmnlal 
distinction bitwatn thim wid other hydratea in which tho water ii 
oombinod witti |T®at®r stability 

subrtftaotB. Wftter ia h«M ia a owitMiaftUe fe ftr4kliie4 Bia*! w i»4te4 ttll.iimto, 

lit cftnnofc b@ e*p«U®fl ii»« ttwm by pif««uir« j b«»»0, In Il4» c*** hm «>«Mt84 »»»# 
Idna of «ej»biimUo» of tU« wbataiBMKs with watar. Tt»li b>t»e»*r. l« 
on dj^iag! btti not ttw wbokof St, ftpwijon b»lB| retoliwti. w*4 !!»* |«.r»!rtn l# 

(obolcmg te tb® hydrate, dltUoufh in thl« ctm it 1* *»r| ililisttll, tf n**! to 

obtain arfjiit# eompoonae. Ti» ftte#iw« «f m| teainkrj Uswa **Sm» 

lion*, fflryatftUo-byamt^ mad orflinwy hydmto* r«ifart«4 to, k mty eWi'ty #<«*» to 
m>«h exMf){4w. 
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OHAJPTER II 

THB COMPOSITION OP WATER, HTDBOQBN 

The question, now arises, la not water itself a oompoimd Bubetanoef 
Cannot it bo formed by the mutual oombination of somo component 
parts 1 Cannot it bo broken up into its component parts ? There cap* 
not be the least doubt that if it does split up, and if it is a compound, 
then it is a d^nite one charaoterised by the stability of the union 
between those ooraponent parts from which it is formed. From the 
fact ttlono that water passes into all physical states as a homogeneous 
whole, without iu the least varying chemically in its properties and 
without splitting up into its component parts (neither solutions nor 
many hydrates can bo distillod—thoy aro split up), wo must conclude, 
from this fact alone, that if water is a compound then it is a stable and 
definite chemical compound capable of entering into many other com¬ 
binations. Like many other groat disoovorios in the province of 
ohoraitttry, it is to the end of the lost century that wo are indebted 
for the important discovery that water is not a simple substance, that 
it is composed of two substances like a number of other compound 
aubstanoes. This was proved by two of the methods by which the com¬ 
pound nature of botlies may be directly determined , by analysis 
and by synthesis—that is, by a method-of the decomposition of water 
into, and of the formation of wator from, its component parts. In .1781 
Cavendlah first obtained water by burning hydrogen in oxygen, both of 
whieli gmies weni alrwuly knowii to him. lie concluded from this that 
wator waa compoaiHl of twq aubatancoa. But ho did not make more 
accurate exporimenlB, which would havo shown the relative quantities 
of tho component parts in wator, and which would have clotormiiied its 
oonfplox nature with certainty. Although his experiments were the 
first, and although tho oonolusion lie drow from them was true, yet such 
• novel ukias as tho oomplox nature of wator are nob easily recognised SO 
long M tlioro is nt) sorioa of rcmtmrchw which entirely and indubitably 
pvovm tho truth of such a oonolusion. The fundamenWl fixp«rimtnto 
which proved the Mmplesity of water by tihe method of eynth^ls, and 
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of its formation from other tubitanow, ware miuia in 17^9 by Monge^ 
^Jbavoiaier, Pouroroy, and Vauqualin. They iibtAinrwi four tuuiets* of 
water by Imrning hydrogen, and found that watar con»!it» of 15’ |mrti 
of hydrogen and 80 parta of oxygon. It wiia alw jwivwl that thi 
weight of water forinod wiw to the sum of tho ws»lght« of tim 
component parts entering into ita oompowtion ; ar*n«>c|«r>ntty, water eon- 
tains all the matter entering Into oxygen and hytlr«'g*>fi. Tha cH)ra* 
ploxity of water was provod In ^is inMunsr by a rnatluxl «>f nynthesli. 
But we will turn to iti analysln—«. p. to ite di>rompfwlft«in Into itn fNrjm* 
ponont parte. The analynis may Ikj moro or l» cotn|tlr4<^ Either 
botli cuiniionont parte may ha obteinwl in » or oJw 

only ono is separated and the other in eonwrtod Into r new romiwund 
in whieh its amount may tm datermioiKl Ijy woigiilng. Thin will bo a 
reaction of lubititutlon, iueb m Is often taken wlvantegt* of for 
analysis. The first analysis of water wa* tlma t^wluetel in I7it4 by 
Lavoisier and Meutnior. The apjmmtu* tliey artmngt^ c»f a 

gloss retort oonteiining water previouily purlfi«b wwl of whieb 
weight had been dotemindl. Th« week ©f th© r«%wt w« ln«sri|«d into 
a porcelain tube, plao^ loride m mm, and hmted to a rtd hoal 
charcoal. Iron’filing which deeomptwe wate^ at a r«Ki hmt, war© 
placed inside this tub©, The end of th« tube wm eonnwtiHl with a 
worm, for condeneing any water whiob might pti through thn tub# 
ttndeconoposed. Thia oonden^ water wai «dl«te*i In a mpkmiA 
lo»k. The gai formed by the dwompoiition wm e^llrioted ovi^r water 
In a bell jar. The aquwu* vapour in p««lng oviir tb© red'hot iitm wm 
decomposed, and a ga® wet formed fr^m it whose weight could be 
determined from ite volume, ite dendty beltrg known. tl*t 

water which pawed through the tube urwltewd, a e#rta.ln quantity of 
.water disappeared in the experiment, ami ihl» quantity, in tho experi- 
mente of Lavoisier and MeusniW, wa« equal to thewdgbt of |a« which 
was oolleeted ha the bell Jar plus the inCTWiMi In weight of tho inm 
filings. Henee the water wm dic«n|M»«d Into a ps, which w«i 
oolleeted In ^e bell Jwr, wad a eulMteno®, whieh «mblnwl with th© 
iron} e®tt«equ«ditty, It te ^mpeted of two wmpontnt part*. Tlili 
was the first analysis of water ever made | but hire «»ly on« (and not 
both) of the gaseotts component parte of water wm edliefcdl wBfmrately, 
Both the component parte d watmr can, howtvtr, be ftlni»ll«ie«»ly 
obtained in a free state Tor thia purpw* the dwrapetitittn i* broq|hl 
about by a galvanic curreat or by heab as we dtaU l«um dirtellyd ' 

‘ Hi# flist experiiBwta of (te ftyaUtOBtn ieeawB^Wta trf wrtw 4ti »l 
fcovoven im ontWy oonvteolog proef VM mtef nf hfim^ ^ 

<mlj, Davy, wto lavostJjifctea tb® flewaporfMw* vnter tf tbe fdfwk wmwRb 
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Water is a bad conductor of electricity—that is, pure -water does 
not transmit a feeble current; but if any salt or acid be dissolved In 
it, then its conductivity inweases, and on the passage qf a current 
through acidified -water it is decomposed into its component parts. 
Some sulphuric acid is generally added to the water. By immersing 
platinum plates (electrodes) in this water (platinum'is choson booauso 
it is not -acted on by acids, whilst many other metals are chemically 
acted on by acids), and connecting them with a galvanio battery, it 
will be observed that bubbles of gas appear on those plates. The gas 
which separates is called detonating gas^^ because, on ignition, it very 
easily explodes.® What takes place is as follows;—First, the water, 
by the action of the current, is decomposed into two gases. The 
mixture of these gases forms detonating gas. When detonating gas la 
brought into contact with an inoandosoont substance —for instance, a 
lighted taper—the gases re-combine, forming water, the oombinatiou 
being aooompanicd by a groat evolution of heat, and therefor© the 
vapour of tho water formed expands considerably, which it does very 
rapidly, and as a consoquonoo, an explosion takes place—that is, sound 
and increase of i)ro8suro, and atmosphorio disturbance, as In tho ox* 
plosion of gunpowder. 

In order to discover what gases ore obtained by tho dooomposiblon 
of water, tho gases which separate at each olootrodo must bo collected 
separately. For this purpose a V-sluapod tube is taken; one of its 
ends is open and tho other fused up, A platinum wire, terminating 
inside tho tube in a plate, is fused into the closed end; the clcwsd end 

tlioQ^hl itor A long iim« tha^ benlclcii Uis gAMs, an sold and allrali al«o obkiintd. 
He wan only ocmvlnMd ol the laet timt waUr oontdne nothing but hydrogen and oxygen 
by a long eerlea cl raaearohes, whtdb ibowed him that the apipeeMne# id on acid and 
alkali in th© deeompoBitlon ol -wat^r preneada from Oi© prewno© of ImpuritiM (e*p©eiaHy 
from the preaeno© ol ammonium nitrai©} in water. A dual © 0 mpr«henalon ol the com¬ 
position ol water is obtained from the aeourate -detormination of tho quantities of the 
conipoinmt xiarlu wl)ioh entesr into ita oomxKigition. It will l>e booh from thia how many 
data un< fur provijig the «inn>otfitiiin <if water— Ibnt i«, ot Uio Iranaftirmalions 

of whieli it 1« cai>able. "What haa Wnm naid of water rofer« to all oUier ctimxwuuds | Ilia 
InveBtlgalion ofeatdi one, the ontire jiriMit of its oonuicBiyon, can only be obtained by tho 
ftooumuloUon of a largo maRs of data referring to it. 

® This ga« in ooIImUkI in a voltamelar. 

® In «dar to ohnerve tills ©xiiloeiim without the «bghu»l donwr, it ia b#«t to procMd 
In tho ftdlowlng maimsr. Bomo ftoapy water is prepared, ao that it wily form# soap 
buhblM, and it is poured into an iron trough. In this water, the end of a ps-^ndaeto^ 
tube i» ii umrsed. TWr tnlie l» eonneeted with any eultahle appiwsias, ha whteh 4^ 
dating ga# la evolved. Koap bubble®, full of thia gas, are then f«m*d« If th© appiratM 
in which Uio gau la jirtaluwl bo then removed (otharwiae the «xpl©ilMi ttavsl lot© 
the interior ol tbe axix.aratus}) and a lighted tapw b© bmighl to tttt Mfi a 

Wharp ex|tkwion taken ploee. Tim bubblM ahottid be nudl to avoid any b|8t 

@a«k about the aiM of a pea, mflSbo to |^re a abatp rep^ Iflte a ptetol 
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is entirely filled with water ^ aeidifiod with snlphario ftoid, and another 
platinum wire, terminating in a plate, i« immormed in the open end. 
tf a current from a galvanic battery bo now pwod through the wirea 
an evolution of gases will bo obsorvod, and t4io gim which ia obtain©! 
in the open branch passes into tho air, while that in the ckwetl branoh 
aooumulates above tho water As this gas aoeuraulatcw it diaplactu the 
water, which continues to descend in tho c1o«h 1 and iwotmd into th© 
open branch of tho tubes. When tho water, in this way, reaehoi the’ 
top of tho open end, tho passage of tho currtmt is atopiMnl, and tho ga®.' 
which was ovolvotl from one of the eloctrodoi only in ohtaintHi in the- 
apparatus. By this means it is easy to prtive that a particndar gw 
appears at oaoh clootroda If the clmed end Iw oonnw'tsKl with the- 
negative pole—is. with that joined to the xino—then tl»» gait colleoted 
in the apparatus is oapabl® of burning. This may denmnstrakHl by 
the following experimentTho bent tulxj is taken off the abuul, and 
its open end stopped up with tho thuniih and Itielinwl in »«eh,a manner 
that tho gas passes from the ck»od to the t»p«n end. It will Umn b# 
found, on applying a lighted lamp or taper, tliat tins gm burnii. Tins 
combustible gas is hyckxtgmu If the mnm exj^erimeiit carriwl on 
with a current passing in the opposite direction—that in, if the ek»ci 
end be joined up with the poiitivo pole (is. wiU* tho carton, copper, 
or platinum), then tho gei which k evolved from itd{«»s not iteidf burn, 
but it supports combustion very vigorously, fm that aumoulderiiig taper 
in it immediately bursts into flame. This gas, whioli i?i colk*et«l at the 
anode or positive pole, Is oayyan, which k obteimtd, m w« mw Imiom 
(in tho Introduction), from meroory oxide and is oonteiiitHl in »dr. 

Thus in tho decomposition of water oxygen appear® at the |Hwiitivti 
polo and hydrogen at tho negative pole,'*^'M that dntetwilng gaa will 
a mixture of both. Hydrogen bums in air frt«n tlm foot that in doing 
so it re-forrui water, witli tho oxygon of tho air. Iktotmiing ga* 

< la crtlw to iMl th« lute wilh. mlw, il k sanwi up,«» ttel ttw »tpt 

dowawacds wd Ite md upmurda, w«teir aeldijM ^tlh mtpkarb wM M {Mannd 
bio il. 

♦I** Owb| to tte gesdiud hat prof»«« mada durtei fcte k»i iwiwlf-dw ymm 
b tihe pfoda^oa of « etooWo wairrwBl fwm lb« dyawKi witl SI* «w« ««»» 

stdoabb dfebao®*, tte rtooferohWk d«oempt»iMw trf mwy ewptmad twslte* ha* ft»j»ired 
great baportoaoe, o&d the use ol ke ttleolrio sanwil k Bwking to way Ink* maay cJwmhwl 
numofoeturw, Hwee, Prof. D. A. Ladsinoff# p»pt*U to obt«li» bydif#* w»d »*fu«pi 
(both of whieh have ma«y appHoatien*) by mmm of ^^troSyri# MUwr ef 
Bolulion of OftttBtlo Bodft or ft 1® per imt. solHiioi* of wdphario »y iwl ft pwrtoftJ 
npplioftMoa, ftt ftU eventB b future. I» fmewJ, ewia|{ la ih^r rimidteitf, id^wlndylb 
methods teve a greet blare, bat ft* yet,» baf tte ptsdueMw of m whwirte «m«fe 
tematos ao eostly, beS* appUenMon i* ttaSM. Aad ter this rw*«. elttKWfh «rW» erf 
tbeae methodB are mentioned b IW* work, «j«y art bo| ei^rfly iwwilAwwh mm 
BO Bbee ft profltftble end proper v«e of the eJeobtle earwBt for otemlwl ptrpe#®# 
epeolftl eleotro-teehaloftl knowbdge wbteh tefdsam waate be oMwn^ to bam ftdl 
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,(explodes from tlie fact that the hydrogen bums in the oxy^M mixed 
with it. It is very easy to measure the relative quantitiea of on© and 
the other gas which are evolved in the decomposition of water For 
this purpose a funnel is taken, whoee orifice 

is closed by a cork through whioh two platinum 
wires pass. These wires aro oonneoted 
with a battery. Acidified watt'r is jx>urod 
into the funnel, and a glass oyllnder full of 
water is placed over the end of each wire 
(fig. 18). On passing a current, hydrogen and 
oxygon collect in these ^Ihadein, and it will 
e^ily be seen that two volume* of hydrogen are 
evolved for every one volume of oxygen. Thk 
signtfie® that, in decomposing, water gives two 
volumes of hydrogen and one volume ^ oxygen. 

Water is also decomposed into its com¬ 
ponent p.arts by (he netion qf heat. At tho 
molting point of silver (uul in its 

prcHoncc^ water is dooonijmtHl and the tjxygtsn 
abaorbod by tl>o molUm «ilvw, which dis- 
colvcs it 80 long m it is liquid. But dinwtly the silver fudidifies tho 
oxygen is expelled from it. However, this eH|xirinu*nt i« not enlindy 
convincing; it might bo thought that in this eaiw* the dwu«i|»«»ittrm trf 
tho water did not proceed from tho (MJtion of ht»t, but from tlo* action 
of the diver on water—-tlmt silver dfteoiu{K»s«i wah'r, takhig up the 
oxygen. If ateam bo passed through a r^-hot tube, intorrad 

temperature attains 1,000®, then a portion * of tlw water 
into ite component pirbi, forming dttomtiag p«. Ilul on 
into the cooler portions of the apparatui tliii detomtlttg gai a^in ro- 
unit(»i and fonas water. Tho hydr^fcn and {Mtygwo ohtainKi mtubirwi 
togdther nt a lf>wor tenqwratuwi® Apf«m)Uy tho pn>blpm to stiow 
tho (locDuijioMability of wfit«'r at high tt‘Ui|H'ratur«’S --iH m»8%tliiinal4», 

tUt'fofxrti, ttii I'f tin* I'n..f I-* 0.** 

of olu’MUOIvl Rltltiillljh resfprrrwl t*. lit .lo®* t»"1 « ' wilJjUt 5js« 

«KHHs uf Uwt v»t«rk 

® A« wiiiof li« fiirmi»4 by i\m «sui3»itioftilnn «4 ttsy^n «»4 hy4s'»i«'«n, wsilt a r 
^valutkja ol oikI m it ^|#rs W t® A r»%»»»4l4» • mm 

{sm IntftidtMilkm), Mid etwwKjuwiUy a a tunJ, n . I »*i^ 

owiiittt l« wmjiUto—H is ilMMlwi by tbe r»»«is4ia Jl M 

a<it UiM'wn lutw Hiurh Water i* mi a gnet* ■••Erl* 

(Butlwsit. Mot •ililieraHiliVP iwmft n»»«!n (rt t»rt4»*»a faJ *SEj«e ifc-ii! s|«p»sls« ft ?{«4 

kiwwiug U *0 rwRiMpiti (,{ wr.i liw. «4 g*** «» 

r«jde« all ralcukUwitw trf Am m* 

tteidlaLi 



Ftti. i». - r»pi»i*ttn»»«iii<w 8»f wftW 
liy tin* tfftirautst riirrwBl, faf 
(Iftrrniifitiit.! «*>i" h#. 

tw*wi) lit® «. 4 u)ii»-Si f 
&ik 1 tints ifrn 











of water by the action of heat In an exporimont which will pwwmtly bo 
described. In order to demouatrato dearly tho dmacAtUmn of water, 
or its deoomposability by heat, at a ttsiupemtum appr.wching that at 
which it is formed, it was neooMftry to seimrato the- hyt!n)gon from tho 
oxygen at a high tomporaturo, without allowing tlm luixturo to oool, 
Dovillo took advantage of tlio difToronco betwt«sn tho doiwitio# of 
hydrogen and oxygon. 

A wide porcelain tube p (flg. 19) la placed In a funmro, which can 
be raised to a high temperature (it should bo heattnl with imall piiws 



“ Orovo, ill IMT, ob#iirv«l tliftt ft pktinuw wir« foftwJ Iw tlw »S| b|4r*>||«» flarntt— 
Mmt i#, having a,eq«ir#{l the limpemtnre o-f Iha fonmUna dl wAter-eot! Im-vtoi; UmupA 
ft molten drop nt it# «nd whieh l«U Into wftt«r, awlwd ia, »!•«>«. 

BOBttd water. Xt Uierdacf tell»w» tbol wak* aimdjf dB«wip»*» rt th« d 

it# tormutlea. At that time, tttl» formed a eetontilio pw^kii i ttti» w» atmll Mwrav«l 
etdy with the development of the eoweeption* »( dJ«e«lfttk», telr«l»«m4 lwb» 
by Senrl Satote^Olnire DovlUe, fa 1SS7. THi#« ff»m wn »|MC/h 

la Beleao®, and Uielr development it ©»e of lh« p»bta«* ©f wodwa Th« 

eseenae of ti»# matter to that, at high t*»p«»ttt»«, wote' «tta*s fwt «i«» Ammmpftmnt 
jnet ft# a volatile liquid, at a owtola temptralaws, «l«t» both u a hquid aod «« » vftp«»ttr. 
Similarly ae n voktll# Uquld wturotes a. tpoe#, Attefnli^ ik wwtimttw w alw 

thn produok# of dtoBootatton have thftli' mAximum teaatea, w*d w»w ib*l f« 
deoempoBiUoa oeoftoe, Ju#l m wapomton Undtr Uto amdittew, tf Ow wpoar 

U ollewod to osoApe (wid th«r#for« lt» partial pfwiww be dJmtaS«W|, r*. 

oommenoeo, ao oliio if the prodnot# of deeompitllea bt rtmeved, d«»wp»llto« ofola 
oontinue#. Theao simple eoHoepUon* of dl#MeiaM« tatodaw faftsildy vtrtdl msim 
quenoes Into the meohftaton) of oKemieo) reoetioM, and tburefor# we ehull Itavo 
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Tho ends of the tube are luted to the wide tube, and two tubes, o ai\dl 
o', aro inserted into tho ends, as shown in tho drawing. With tills 
arrangomont it is poseiblo for a gas to pass into tho annular space bo- 
twoon tho walls of tho two tubes, from whonco it can bo colleotedl. 
Steam from a retort or flask is passed through tho tube d, into tho 
inner porous tube t. This stoain on entering tho rod-hot spaoo is do* 
composed into hydrogen and oxygen. Tho densities of those gaso.s aro 
very diiroront, hydrogtm being sixteen times lighter than oxygen. 
Light gases, as wo saw above, penetrate through porous surfaces very 
rauoli more rapidly than denser gases, and therefore the hydrogen 
passes through tho pores of tho tube into tho annular space very much 
more rapidly than the oxygen. Tho hydrogen whioh separates out into 
the annular spac’e can only bo oollooted when this space does not 
contain any oxygon. If any air romaina in this epoco, tlion tho hydro¬ 
gen which separates out will oombina with its oxygon and form water. 
For this reason a gas incapable of supporting combustion—for lustanoo, 
nitrogen or carbonic anbydrido—-is previously passed into the annular 
spaoo. Thus the carbonic anhy<lridc is passed through tho tube O, and 
tho hydrogen, soparatod from tho stream, is collected through tho tulio o', 
and will bo partly mixed with carbonic anhydride. A certain portion 
of tho carbonic anliydrido will ponetrat(! througli tb{» poros of tho un- 
glazod tubo into the inUu-ior of tho tube t. Tho oxygen will remain 
in this tube, and the volume of tho remaining oxygen will Ijo lialf that 
of tho volume of hydrogen which ioparatm out from the annular 
Bpaco.®'’*® 

Tho docomposition of water ia oflbetod much more ootlly by a 
method of substitution, taking advaintage of the afilnity of iultetonew 
for the oxygon or tho hydrogen of water. If a subslanoo b© added to 

to ritum to them v«iy often. W« muy Umt Qirove also cwKslttfled that W8.tw wm 
doooriiitoKed at a wlitte boat, from Ui« fuel that h« obUiott^ clekwmUng gas by 
Bltunn tbrciufih a tubo wiUi a wii« Juifttecl Mtrongly by an ttleolrio emrent, and ^«o by 
rasuilng ftti'uui uvor »uiillti,i dsiiUi of luiol, b«> obUiiiit'd, on tlm one band, lithiwrge (•osWt 
of Icail and nxygen), and on llm otbor, inotallic load fonnod hy tho iwlion of hydrogen, 

” I'art of Ui« cixygtin will almi iwnnlratn through llio iHiresuof thw ttilw? | but, was 
6ald Wforo, a suuelv enmlU'r lbat» Urn bydmgfn, atul as tho driwity of osygen It 

eislBBii time« grtiater limn Umt of hydrogon, tin* v<4mne uf oxygen which llm*afhi 

the jwwua walla will he four iiine« Iom than the volume of hydrttgon (the quantltf## of 
gM«« pasriag through por«u« waJli# are iuverwly projwrlional to Urn Bciuwwroobi of thrt? 
deimitieB). Th« osygen which feoitaratoi out into the mmular «p««5wiU «*aWa%llkka 
oerldn fall of temroratim, with the hydi-ogen; but m duh volom dt 
renuln-s two volume# qf hydrogen, whilat at lewtt four vdoBWi df hyd»ef8« pUB 
lluougb llu* jmruuti walk fur every volmne «f osygw (hat ftaefoM, p*t «f 

hydrugtm will retimin frw, and can Iw euUwted frum tho auaulM 
Quantity of osygen remaining from Uw dw»ipo«ltl©a of note m» M 

(ha internal tuW. 
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water, which takes up the oxygon and replaces the hydrogen—then wo 
shall obtain the latter gas from the water. Thus witli wKlium, water 
gives hydrogen, and witli chlorine, which takes up th«j hydrogen, 
oxygon is obtained. 

Hydrogen is evolved from water by many rnotals, which are capable 
of forming oxides in air—that is, which art* ea{mbh» ut burning or com- 
bining with oxygen. The capacity of motels fur combining with 
oxygen, and therefore for dooompcming water, or fur the in-olution of 
hydrogen, is very diwimilR*’-'' Among metals, putiw*iuni and mKHum 
exhibit considerable energy in thin rwjpoot. Tim tlfMt occurs* in p<ita«h, 


7 In order to domooBteaU' the tl(ff»r«»« (»l U»» uStuty «*t i-iygeu {«»r dlffett®! 
olemontB, It l« enough to «)mp«r«0» wmanwts of Itwiyi whkdi ArnowtiUptl in ih»ir «»mbl« 
afttlon with 10 parta by weight of osygiw i in th« r»«» »f (winm j i& f.srmedl, 

or 40 parta of Na oomblae with lOpaA of twygwi, wnsnrthng {« lon.fJtHi «lurl« 

(or wttila of haat), rw for hydrogen (whon wat#!', Itjt *. \n f.*n»i«»h tW.tSHi 

for iron (when the oxide PoO ia W.OOt), muI if Um ««sid*» I-Vjt** w ft*rm»d, 

04,000 oftlories, for alno (KnO i» famwid) 80,000 fnr leaii fwlwn I'W) fmind) 

01,000 oaJorioB, lor oopper (wh» CaO l« fc»nn«>d) »«.«» wtefiB*. wnf f.w nwenry (|{|^ 
hi formod) 81,000 ©idoriw. 

ThoM figoraa owaiot ®oT»«p«d dk«My wiA th« mufwlttds at Uw ndiwu**, fur tha 
physloal and moohanJiwd $id« of th« wattor (» v»»ry tlil!«*r»iit in Ilia diffurinil mmm, 
Hydrogen la a gw, and, boomhlalng with a Initmt; it rSwjufMi 

'Ita phyaleid rtat®, and, la doing », vid'tm Imt. Pal mm twnl aw iw4i>K miA, 

In oomhblng with oxygen, glva eolkl o*ide«. The prygMi. » go#, rmw 

into a aoUd or liquid atato, and, therefor#, aJao »o««l imw fciv«n up il» eisiirin «.f heat la 
forming oxidea. A@ wb *lwdl afterwards »«#, lh» degr« ut r«ttir»*pi».»n |»ttd p.»n»* 
qnontly of meohanioal work) wa» different in th« «»»•, «.«.| ilw 

figmaa axproBaing Uw heat of oomhlnaUtw cannot tlirwily dojwsul «•!( Hw atRaiUen, ««a 
the loaaof intonral margy prerlcmaly in the el«ai»nl». Uw ttgMftM alxire 

dtod ooJToapond, in a ewrtain degrao, with th# <>r«l#r In whu-h the «I«k! m 

reaiioot to thair ahhilty for oxygen, aa may Im ««i from tli»» iml thal Ui« niprwry ••side, 
whioh ovolvoa the l«a»t lieal (atntmg th« at»im esMnj4«w|, tt tl»« lotftl.lp *« «maily 
dooompoBod, giving up lt« oxygen; whilal wnhuns, th*» formaihm id s.*blp i« 
puiiod by Um gnmteat oviiluUoii of tieat, li ahla to all Use ••tfipr Mtisle*. t-sAwg 

up tUdr axygau. In order U> BMmraii»*i th« l»otwp«a allliMtf ft»ol lh« t»ir.4». 

Won and the abforptlcm of heat, wWeh w othfeal in ita fwt«>r»l fmttir***, «.»4 wm Hrady 
estahliahod by the roBoaroh* nf Faw» a»d idb«»»n Calwat} w«},»»! Um% >4 Tbtiin»Ba 
(la Danmark) and B«th«tet (bn fwww), mwy ia«wil4i*lt»«», ih« l»t 

meatiwad, MtahlWtedi the tm» ^mmdmtm work, Thi» atAtm that »>»dy iJpKw.rhBttut’di 
tMtottona tiaka pliM of own aoewd in whioh Um gmlwl Mnomt «>! 

Ofttotit, «n@<Cr 1# tetmafomad into h««i ll«t, m ih* 8i»l wn um wit 

ahkf, judiptag fre« what ha# h«« wUd ah«», to dfeU^aWS th»l h»»t whteh 
with pusd-y ohaml^ aoUoa fcrom tho «» toW ©f Uw h»t«d«»#t4 h* a |i« lh« 

calorfaaBter); to too wieoiid plaoa, th«» ars avidwiyy »*«?«»« wtiteh 

proOBod undm^ the same as ssolhmimi (mrkw m ih« vai^w of 

sulphur with absorption el boat, wbUst to «ypa it avolvwi h^i 5 «wl, in Ih* third 
plooo, thors are rsvorstble roaotleu, whioh wb*a toMng to *>«« »w4»» 

heat, and when taking plae© to the ojpedte diiMtta* atewh It i «»»4, ktmMim Ibe 

prtoolpleofmaxtofttaawork tottod«ft*ntaryte*»te»t»p|«wtelhy«ta«««b Itot^ 

subjeot oonttooes to be devdopd, wPa ptoWMy ta4 to a Iw, ^ m 

tbeimd ohotxdatxy does not at prmnt p^AOM. 















THD COMPOSITION OF WATER, HYDROGEN 


121 


the second in soda. Tliey are both lighter than water, soft, and easily 
change in air. By bringing one or the other of them in contact with 
water at the ordinary temperature,® a quantity of hydrogen, correspond¬ 
ing with the amount df the metal taken, may be directly obtained. 
One gram of hydrogen, occupying a volume of 11-IC litres at 0° and 
760 mm., is evolved from every 39 grams of potassium, or 23 grams of 
sodium. The phenomenon may bo.obsorvod in the following way : a 
solution of sodium in mercury—or * sodium amalgam,' as it is generally 
called—is poured into a vessel containing water, and owing to its 
weight sinks to the bottom ; the sodium held in the merotiry then acts 
on the water like pure sodium, liberating hydrogen. The mercury doei* 
not act here, and the same amount of it as was taken for dissolving the 
sodium’ is obtained in the residue. The hydrogen is evolved gradually 
in tdie form of bubbles, which pass through the liquid. 

Beyond the hydrogen evolved and a solid substanoo, which remain® 
in solution (it may be obtained by evaporating the resultant solution) 
no other products are hero obtained. Consequently, from the two sub- 
etancoa (water and sodium) taken, the same number of new substances, 
(hydrogen and the substance dissolved in water) have boon obtained, 
from which wo may ooncludo that the reaction which hero takes place 
is a reaction of double decomposition or of substitution. The resultant 
solid is nothing olso but tho so-called caustic soda (jsodium hy* 
droxide), which Is mode up of sodium, oxygen, and half of Um hydrbgea 
contained in the water. Therefore, the substitution took plaoe between 
tho hydrogen and the sodium, namely half of the hydrogen in the water 
was replaced by the sodium, and was evolved in a free state, H«qo© 
the reaction which takes plaoe here may be expr^wed by the equation 

9 H a of motoUlo Mdltm throvm bto wakr, it fl«fttsea it (owing to its lifkt- 
new), keqps in n stote of oontlntuiLL motion (owing to tibe evolution of on 

eU ni^M), end immediately dMompoeea the water, evolving hydwgm, whi^ oen bo 
lighted. Thig experiment mey, however, lead to an explosion ehould Uie eodlom etiok to 
the woIIh (if tho veiHtxtl, and bagin to aot on the limited mow of water immediately odjaoent 
to it (pnilmlily in Uiiii caao NaJIO fonn» with Na, NojO, wliitjh aet* on tho water, evolving 
muoli boat and rapidly forming nteam), end tho oxi>oriment rimuld tlioreforo be oarriodi 
on-witb eautiori. Tho doociinpoBition of water by aodiara nmy bo bettor demonatratedt 
and with groalor aafety, in the fdlowlng manaw. Into a gla@# oylindor HUikI with men- 
oury, and Immerfied in a mercury bath, water ii first bitrodueed, which will, owing to ito 
lightoi»B, riH to the top, and tlmn a piece of sodium wrapped b paim in inlmdaoed wUa 
fwMpg bto the oylindw. The metal ri«M through the meroury to the eurfoM of the 
water, on whiolt it rmnehu, and evtdvm hydrogen, which ooUeota b the e^ibdtiH^ wodi 
may 1» tested after the exp^ment has been oompletedL The M^Mt method ol tMddbg 
(his experlmont is, however, os foUowo. The sodium (desned the noi^hthab wbeh 
it le keiit) is cither wrap^ied b fine oopper gmm and held 1^ or ^ise held i» 

at the end of wU(ih a omidl oof^ itoge b iM^adked, and b then held nndiit 
water. The evolution dl bydrog^ pm m (jaMbr, aad it tai^ he ooOedftd in a titt 
jot at4 then lighted. 
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H 30 + Na=NaHO+H ; the meaning of this is clear from wliat lias 
already been said.*^ 

Sodium and potassium diet on water at the ordinary temperature. 
Other heavier metals only act on it with a rise of temperature, and 
then not so rapidly or vigorously. Thus magnesium and calcium only 
liberate hydrogen from water at its boiling point, and zinc and iron 
only a red heat, whilst a whole series of heavy metals, such as copper, 
lead, mercury, silver, gold, and platinum, do not in the least decompose 
water at any temperature, and do not replace its hydrogen. 

From this it is clear that hydrogen may be obtained by the decom¬ 
position of steam by the action of iron {or zinc) with a rise of. tempera¬ 
ture. The experiment is conducted in the following manner ; pieces 
of iron (filings, nails, &c.), are placed in a porcelain tube, which is th’en 
subjected to a strong heat and steam passed through it. The steam, 

® This reaction is vigorously exothermal, i.e. It is accompanied by the evolution of 
heat. If a sufficient quantity of water be taken the whole of the sodium hydroxide, NaHO, 
formed is dissolved, and about 42,600 units of heat are evolved per 28 grams of sodium 
taken. As 40 grams of soAium hydroxide are produced, and they in dissolving, Judging 
from direct experiment, evolve about 10,000 calories; tlierefore, without an excess of 
water, and without the formation of a solution, the reaction would evolve about 82,600 
calories. We shall afterwards learn that hydrogen contains in its smallest isolable par¬ 
ticles Hj and not H, and therefore it follows that the reaction should be written thus— 
®Na+2HjO=Hj+2NaHo, and it then corresponds with an evolution of heat of +65,000 
calories. And as N. N. BeketoS showed that NajO, or anhydrous oxide of sodium, forms 
the hydrate, or sodium hydroxide (caustic soda), 2NaHO, with water, evolving about 86,600 
calories, therefore the reaction 2Na+H20 = H 3 + NajO corresponds to 29,600 calories. 
This quantity of heat is less than that which is evolved in combining with water, in tl»« 
formation of caustic soda, ajid therefore it is not to be wondered at that the hydrate, NaHO, 
is always formed and not the anhydrous substance Na^O. That such a conclusion, which 
agrees with facts, ia inevitable is also seen from tile fact that, according to BeketofI, the 
anhydrous sodium oxide, NajO, acta directly ou hydrogen, with separation of sodium, 
NaaO + H=NaHO+Na.. This reaction is accompanied by an evolution of heat equal to 
about 8,000 calories, because NaaO + HoO gives, os we saw, 86,600 caloriep and Na + HjO 
evolves 82,500 calories. However, an apposite reaction also takes place—NaHO + Na = 
NajO + H (both with the aid of heat)—consequently, in this case heat is absorbed. In 
this we see an example of calorimetric calculations and the limited application of the law 
oi maxim^ woii for tiie general phenomena of reversible reactions, to which the case 
^ist cc aaid eted belongs. But it must be remarked that all reversible reactions evolve or 
ohsc^ out Utile beat, and the reason of the law of maximum work, not being univeraaU 
amstfestof aU, be looked for in the fact that we have no means of separating the heat 
which ooCT^ponds with the purely chemical process from the sum total of the heat 
ebsarved, and as Che structure of a number of substances is altered by heat and also by 
ee«d^ wa ts&n scarcely hope that the time approaches when such a distinction will be 
po^Me. A heated substance, fa point of fact, has no longer the original energy of its 
^a^tisat Is. the act of heating not only altera the store of motion of the moleoulee 
the atoms forming the molecules, fa other words;it makes the beginning of or 
cl^cal change. Prom this it must be concluded that therrao-ohemistry, 
OT ^y (rf . accompanying chemical transformations, cannot be identified 
^ diemkal medwnica. Xhonno-ohemic^ data fonn a part of it, but they done cannot 



tho hydrogon is set free and passes out at the other end of the tube 
together with undeooraposed steam. This method, which is historically 
very significant,’® is practically iticonvenient, as it requires a rather 
high temperature. Further, this reaction, as a reversible one (a red- 
hot mass of iron decomposes a current of steam, forming oxide and 
hydrogen ; and a mass of oxide of iron, heated to redness in a stream 
of hydrogen, forms iron and steam), does not proceed in virtue of the 
comparatively small dilToronco between tho affinity of, oxygen for iron 
(or zino) and for hydrogon, but only because the hydrogen escapes, as 
it is formed, in virtue of its elasticity.” If the oxygen oompounds— 
that is, the oxidesi—whioh are obtained from the iron or zinc, bo able 
to pass into solution, then the affinity acting in solution is added, and the 
reaction may become non-reversible, and proceed with comparatively 
much greater facility.’® As the oxides of iron and zinc, by themselves 

'0 Tho oompoBition of wator, aa wo saw above, was determined by paaeing Btoam over 
rod-hot iron; tho anmo method haa boon uaod for making hyckogon tot filling balloons. 
All oxido having tho corapoaltion FojO* id formed in the reaction, so that it is oxproased 
by liho (uiiuition !U'’o + illlaO « P 03 O 4 + SII. 

" Tho roofitiou hotwoon iron and water (noto 10) ia rovorBiblo. By boating tho oxide 
In a ourront of hydrogen, wator and iron aro obtainenl. From, thia it (ollowa, from the 
priiiolplo of (shcmiioal equilibria, that if iron and hydrogon ho taken, and also oxygon, bub 
In Buoli a (|U(intity that it ia iiiaufhoicmt for combination with both aubattvnoon, then it will 
divide itault botwoon tho two; part of it will oombino with tho iron and tho other part 
with tho hydrogon, but a portion of both will remain in an uuoombined atato. 

Theroftiro, if iron and water bo placed in a oloaed spaoo, deoompoBition of tho water 
will prtKiood on boating to tho tom jieraturo at which the reaction 8 P 0 + 411^0 « F 03 O 4 + 8 II 
coinmmiooa; hut it oonsea, does not go on to Uie end, boeauM the conditions for a 
rovorae reaction are attained, imd a stak of equilibrium will enane after the dMompodtion 
of a oertain quantity of water. Here agait) (m note 0 ) the revenibility ia oonneoted with 
the amall heat olleet, and again both reaotione (direot and reveree] proceed at a red 
heat. But if, in the above-deeoribed reaotion, the hydrogen eaoapM aa it in evolved, then 
its partial preesure does not inoreaae with its fomation, and therefore all tho iron oan b# 
oxidised by the water. In thia we Me the elements of that inflaenoe of maM to*whioHwe 
shall have oooaslon to return later. With copper and lead there will be no deoompoaiUon, 
oithor at tho ordinary or at a high tomporaturo, heoauso the affinity of tlieao metals for 
oxygon is nnudi Iohs than that of hydrogon. 

In gononil, if rovoniiblo an well an uon-rovomiblo roaoliona ran talto plaeo iHitweon 
snliBlatuios acting on oocli othor, than, jndgirig by our promnit knowifnlgo, tho non- 
reversibUi roartiona take platw In the majority of cases, wliiidi obligow emo to aeUnowleilg© 
the acilion, in this case, of oonuiaratlvoly strong af1lriilie». Tho. reaction, Zn + lIaSO^* 
Ha I llinBOj, which taJms place in solutions at tho ordinary terniH>raturo, is scarcely re- 
veraible under these eondlliona, but at a certain high temperature it b«Jome» roveraihlft, 
beoauM a£ thin temperature nine nulplmte and eulphurle acid uplil up,and the ootloni mwt 
take place between the water and ndno. 1^‘rora tlie preceding propoaiHon-reimlte prooMd 
which aro in some ease# verified by exjwirlment. If the aeUon of slno or iron on a *^n~' 
tion of Bnlphuriu acid prosentB a non.reveraible reaeWon, then w# may by this means, 
obtain hydrogon in a very oompreMod state, and eomprftMod hydrog«a wM not aot on 
aoluttons of sulpltates of the al»v«-naro«l metals. This is verified la reaU^ as fiar as WMS 
poasihk (a Um axperimento to np oomprMolon oar peemtre of tba hgfndrogecaf 



facHily than dii’t>cUy from watur, and auch a diBplaoojnant ia iwomupaniucl 
by tho evolution of a largo aniouut of lu-at*® When the hjdrogtuj In 

ThoBO mtttolH which do net evolve liyikegon wUh in'ldif, on ihn »h<*util. «.4 Wi| 

at an lnor«ft«« ol pr««uni, be diBrlaowl by hy<ln*({c«. A«il l« fwl l!rtjnti««f »h««w»tl i|«| 
gftwsou# hydrogen diBidMos |)ktinum wid jtdWiuw (ri*w Um #<>i»inoiw dl 

their oblorlno oomiMUude, but not gnlihand Ikkuhiff «utH:w4«l li* #!ti<»ls»g lhal «i!v«# 
and maraury, undur a ooauidtmWa wrw ws{wr*k4 from llw »»lMW<e«*a .if r-ertda 

ol their oompounds by mea«# of hydroijwu Ileartion »Jr»#«ly wiM»rt»»r«a Mnd»»r a 
eure of alx fttrnd«pliere», If a weak i*«lutlnn of Mwt wtl{4ii*k> W («k«<n i will* » strongef 
Boluliou a much gimtw prtiMuro k r«iuiml, howsver, f«r the wpwrtina fif iSw 

'» For Uie ««wo roftwiii maay l« aelloi on «ol«yoiiw t»f ih* alkalta diipke* 

hydrogw. Alumlttluffl net* porMeulwly olMJrly Ih lhl« raipwl,!«»««»«»Jt« gif*# a 
flolubk eom|)Ound with ulkdls. For the«»»« m*»«h tia, In ortitif on hyilriwhliwin m\\. 
«Volva» hydJWgta, an^ rfUetm does th« mwi» wlU* hydrolttnnrto wW. U k evliknl ib*| 
la fiudh 0M« tha aum ol idl tho eAdtiM pkyi a |wrt; fi« liMtewe, liw wilkn if 
dM o» Btdphwlo Bold, wo hftto tlw ailttity of dao for t«yg«ii fhwwiiiii »4i« «st4% &iO), 
tha atSaity ol Its oxld« lor solphurie aohydrida, iO| »!*» aolpltiMk, ZwMOJ, mo4 

the affinity ol. the rMultimt ealt, ZaBO^, 1« watw. It!»twly th« ftr»t-twf*i«p«l attnlty Hurt 
BOts In th® molloiti betwMn wiitM Mid tlt« welni, if na {« l*k«w pI Uk.«$» 

(of a phyBloo-meohMiettl ehMoektr) which Mt lt«.lwtten Ih* iwdeenks |f..r in^lajtPn, iii« 
Soheelon betwem, the molewta of tha o»id«) smI Un»*» f«irw# H a iilwfnitad ehM*ipl«fl 
whldh Ml between the fttoma fonning Uw f«r Itwtwns#, itw nUtm* ^ 

liydrofen giving tho moleoale Hg »HUi»littf Iwe nkm*. I wntnlj# il to 

i«inark, that lh« bypotheeig of the oftnlly tw endtavonr of l*» Bnt«j* 

Into a oommon Byatem and in harraonlnue {t.#. to fe*m a inokeBl^ 

inuBt inevitably bo la mookImjm with Ui« hypoUmk «f !«««# tiwlinilni 
wtoraB to form complex moleeuloi (for Hgl, end to hniU up tlw kitor Into tt*4i4 

or liquid BubBtajttOM, In WhWt U» esktonee of m h«t»«* llw hwBnif»n#««t 

pitfUdofl muBt ewtfliidy b« admitted, Thiwforo, f«ro*a which brtttf oknit 
«BO#t al«o be taken into »n«ld«faUo». Thw# im dl f««fw*i df «!»« and ttw »i»8 
and ha tld« may he mw the gmt dlMedttw »o«»«dl»i tb« itwl| rf mtwIwjBki# 

(tad it« i)rovinM.-^ealMl medhonioB. 

k a Ib a^owledg»A.that dw itwlf aete « mt«, twa at«»« «»rd»ttM| towjwmtore, 
hot that ooMon l« eoaflaed to &»aU mem* and only prowed* at ih« Miff***, tm 
woli^, tine, hi tho form of a very flna powder, « (»«ei4 rioa k «f 

deoompo^ng mt®* with tho form^w &( wide* {ljydwt«d) wA hfd«w» *wldo 
fomod oete m *«dphi»rlo odd, water tern dtaolvsi the «dt pradu^ owd the «««» 
^ntinnee beoatke one of tee produoto of te« Mtkm of wM«r w sliie, Aw istidte, f# 

tee Burfooe. One might aatarally teat te« !«»««» 4om bM pwwfcrf 

between the metal and water, hut between te« meW and Hw but «b* a. 
euople repxeaentatioa, white wo te^l rite aftepw#uf&, hides the mArienlMB id! lbs reaetloo* 
and doan not permit of ita ootuol ma^ai|lty Mng 

ij-Aooordlng to Thomwm tee riMtlon b®twi« riw »d a wry w,«k mAuUrn «rf 
WUphurio arid evolves about W,000 oakaiaa (^m wl^lMe Mrig f-v m^ l pir ii j^rte 

















«ulpliurio acid ia replaced by a metal, a substance is obtained which is 
called a salt of sulphuric acid or a sulphate. Thus, by the action of zino 
on sulphuric acid, hydrogen, and zinc sulphate are obtained. 

The latter is a solid substance, soluble in water. In order that the 
action of. the metal oh the acid should go on regularly, and to the end 
it is necessaty that the aoid should be diluted with water, which dis¬ 
solves, the salt as it is formed; otherwise the salt covers the metal, 
and hinders tho acid from attacking it. Usually the acid is diluted 
with from three to five times- its volume of water, and tho metal ia 



covered with this solution. In order that tho motal should act 
rapidly on the acid, it should present a largo surface, so that a maxi¬ 
mum amount of the reacting substances may come into contact in a 
given time. For this purposb the zinc is used as strips of sheet zinc, 
or in the granulated form (that is, «ino which has been poured from m 
certain height, in a molten state, into water), The iron should bo in 
tho form of wire, naila, iilinga, or cuttings. 

by.wulglit (if ainn; mkI BO tiartw by wcilBUt of Iron—-wlilclj enmbino, liko OB parU by 
woighl of alno, with 10 partw h'y weight of osygou—ovolvo about a5,lH)0 cahiHos (forming 
farroUM Huiiiliato, KoHO*). Taracokua olmervod the action of itmtalii on acUla in Uio 
Bovenbonth eonlnry; hut It was not until tlui olghloouth oontury that Iuhnory clotonninod 
that Ui«t ga« which is ovolvod In this aotlon ia a imrlicular one wltioli diflor# from air 
Is oapablo of burning, Ev«n Boylo (umfuBod It with air. Cavtm(li»li determined tho 
oliiof proiiertioa of the gaa dkoovorwl hy ranujokuw. At And it waa called ' Inflammable 
air'; lalor, wlion it waa reoognluml that In burning it glvoa water, it was eolhd hydrogen^ 
from tho tlrook words for water and gononibr, 

If, whim tho aulphnrlo aoid ia ^mured overtlie Eiitt,tbe ovoluUoa of the hydrogoa 
prowed too sdowly, it may lie greatly aocelarated by adding a amall quantity of a aolutloo 
of O 06 O 4 or I’tCh to the acid. The rawoa of Uil@ i» expjaiaad la Obap. 3CVX, noto 
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The usual method of obbaiaing hydrogen in m followt t—A oorWa 
<juantity of granulated zinc is put into a douUlo nijck«*d, or Woulf«V 
bottlo Into one neck a funnel is placed, reaching to the bottom of 
tho bottlo, so that the liquid poured in may pr»^vcnt th»' hytlrog<ui from 
scaping through it. The guB oscapos through a ajKH-ial giw-cundooting 
tube, which is firmly fixed, by a cork, into tho other neck, imd emits in 
A water bath (fig. 20), under the orifleo of a glanfi cylinder full of 
water.'® If sulphuric acid be now pouwnl into tho Wmdfc'a iKittlo it 
will soon bo sOon that bubblcis of a gas arc ovoIvihI, which is hydrogttn. 
Tho first part of thn gas csvolvctl should not l«i tHdlrctml, m it is 
mixed with tho air origimUly in tho apjsaratus. Tliia procautiiin 
.should 1)0 token in tho preparation of all gamts. Tinm nunst l«* alluwed 

As labamtory with fa««n n*«jmr«« a p«rt»in pwliaiirmry kfi».wUi|g«», w« 

will desariba osrtaiM praetiml imthMk /or thfi roUmim ami t,/ 

■When In kbomto^ praoUo# an InUsmlUent BUpply of hydrogen |.>y uihrt kw whtrdi»« 
■evolvad without tho aid of heal) i« Whuaired tins wprwaM n» fig. at i« llwi 

naoBl oonvoiiiant. It aonaigta of two bottieB, having t«rile*» at th*» tit4tei«. m whwh 
<iarka witlj tuboB ara placed, and thewi teb« «» wmnwtdi hy an lodis, rwhl»r lab« 
(somatlmeB fumisjwd with a spring damp). Han to ptawd ta mm boilK ««! thlat*! »t»h 
3 »hftric add la tha othar Tba a®^ of th« fomar b etoarf. by a mnrk, whbh to Itted wsih 



Fto. 31. - A very eoBWlmt appwrta* lor the ^ wuimm. hmA 

It nay alw m atiilrHM ^ 

'* pMonduatup^ fcfth# irtttt a ttepsoA If thi two hcftih* «« »nh ea«K' 

tCfihw mi tit* BtflfOftdk 'he epeaed, tit® add wBt ft«w to tits tlae and »v«lw hfrtrofwi, 
» the itopeoA h« elo»4, tit® hydropa wttl fore® oat tit® add ftrwa ^ hwiij* 
toe aao, aad to« Mtlea wm mm%. Or toe v«m« 1 owWalrtf to# mM »*f h« ptort m 
A lower level toaa that waWatag toe Mae, wh« all toa wilt flaw t«i« n. and to 
M®* to start toe wtloa toe aeld vewel h# phtetd m a h%h»r twt ib«i toe tAtwr, 
and toe aeid win flow to the It eaa al» he ewidof^ few rtftwMnf fww» {m m 
.enpbeator or gasometer), 

to khoratory praotloe, howew, ottwr fflama of appuwtm wre m 

«ihaTmt%,eoH#otfa|,imd holdkig ptm We wIB hew dte toe w«»| t»««l temw. A« 
4 i«pimior usmtoy ooasists of a nmei fteaftoed wfto a ttotwh at toe holtem. A mm 
i«ork, toro«|h whioh a gkM tohe paataa, S» j|**4 Into toe art df toh If toe 

vressel be flUed up with watnr to toe wk nad the bottom li to« tfe» 
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for the gaa evolved to displace all the air from the apparatus, otherwise 
in testing the combustibility of the^ hydrogen an explosion may occur 

■water will run out and draw gas in. For this purpose tho glass tube Is oonneotfed with 
tho apparatus from wWoh it is dosirod to pump out or oxhaust tlie gas. 

Tlie asiDirator roprosontod in fig. 22 may bo rocommonded for its continuous 
action. It consists of a tube d which widens out at tho top, the lower pArt being long 
and narrow. In tUo expanded upper portion o, two tubes are scaled} one, o, for drawing 
In tho gap, whilst tho otlior, 6, is connooted to tho water supiily' w. The amount of water 



Fjo, 88.—Oontlnuou# aspirator, Tlio tube <t should be more than 33 feet loug. 

eupplted through the tube b must he leas than the amount which eon ho oonrled of! liy 
tho tube d. Owing to this the water in tho tuba d will flaw through it in oyllndow 
altenmting with oylinder* of gas, which will be thus oorried away. Tho gfui whidh is drawn 
through may bo ooUactod from the end of the tube d, but this form of pumP la usuftUjr 
employed whore tho air or gas aspirated U not to be ooUeeted, If tho tube 4 Is of eon' 
slderablB length, say 40 ft, or more, a vmry fair vacuum will be produced, the amount of 
which is shown by tho gouge p ; it is often used for filtering ondor redneed piewure, as 
*7 
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PRINCIPLES OF CHEMISTRY 


Irom the formation of detonating gas (the mixture of the oxygen of th© 
air with the hydrogen).'^ 

slvown in the flguce. If water be replaoeci by luerrury, wull lU« Ipngth of the tub# d be 
greater than 760 mm., Uie anplmtor may be emplt>y«^ »« an and oil the olr 

may bo oxbawstod from a Umlkid spoeo j for tn»Uuw, by ccm««?llitg g with a bnUow 
sphere. 

Oa«h 0 ld»r$ oro often need for ooUeotiag and holding gaw#. Tltey am stnwlB of gk##, 
copper, or tin plate. The uwol form is shown In fig. Sfi. The lower wpm#} ff k uinde 
hennotioally tlght--f.«., impenHloae t« fosei—nond i«t filled wltJj water. A fnnnel 
attached to tide vesBOl (on woveml eapporta). The v«»«»l If wtraronnicatea wstli thn 

bolUnn id th** fnnuel by a «iU>frtH’k h and 
a Ink* II, r«w’hing u> the kilkim of the 
irewiwl U. If water Iw into tlm 

fnnnel ami Use *s ntnl b 

Uw wttU»v will run through a, wsd th« off 
frtnn the vusuel li Viy ft, A glwa 
telw/ mna np the auk <»f the vewel If. with 
which St wrttisunnlmk# at ilw l<ip »>id bni. 
turn, and aliuwa th« ntntrttnl «»f »al»r and 
fa* Um* ga*h(iWw wwkln#. In tmlur tt* flii 
the fodniUkr with a fa*, it k hr«l fllM 
with water, lh» nook* «» 6 and f m» oIokkI, 
Uw nut (i «nm«w«M}, and ih» ©inl «f lb« 
ink riindnetinf the gtt« frow the antwratnis 
In whirh II i* feneratetl i* p«n»tl into i, 
A# tlw* fa» fill# th» forf-mWor, th« water 
mn« «tBl at if. If tlw f*r»«««f 0 »d » i«-« b# 
not greater tlwn th« atmn^jdierk |>re#«ttre 
and it 1* y*xjiiin>d to it in lh» go*, 
bolder, then the stopotwk «» i« put into 
with tlw ttowiAlninf 

the gm. Then. Staring lh« uriien 

d, U» iw.l»4tkr mi* hk« « wptwfejf; lb« 
f(w will pM* throttih #, and tb« water run 
out at if. If th« CiMiks b« ejowsd, the gm 
eolkcteil tn lb* gswiKshiisf s»«y be ea*tly 
p»«>rr#d Mtd t«iwp«»rted. If it W ditalnetd 
to tm«».kr thix fa* into aitp»lher vrswl, 
the ««ek t$ np^nwl, ft w»d «i wid llm 

gttB wm then pas8 ont at $, owiag to Ik prewnrs in the api^imtns b»k« llwt the 

atooepberle pwente, dne to tte pnaaswnl liMi water panwd mt» ih« ftintwl. If It 
be requlMd t© flU a ^fltodw w fliwk wftii ttwi p*, It ta tU«d with water and lawrl#*! i» 

the fi^d, mA ttic etopcooka h and a opened. TIm water wUl rm throngb es, and tba 

pi wfll cieapc from ttc gadiolAte into 4o eylindar thmnfb ft. 

‘Wben ft ii required to-pwpam bydrcjpn in Iwiii qoa«litl«« for itlkif bidk««*ft», 
ooppw VM^ or wooden Muki lined with lead are eaph^dl s ttwy «» ilW with »emp 
iron, ovar wWehdilnte inlj^aric add it ponred. Tb« hfdi^fsa ff««t a nwtaWr 

of oaBhe It earriod throngh load pipe# Into f^ptoW eaito eantalnlnf mtw (in ordsf to Pf»oI 
the pa) and lime (In order to mnom aeld To awld !**» **f pa idl ibw |> 4 »to m 

mode hormefeioaUy tight wlfti oeawt e*- tar. In order to til Ws gipnlto bddowi (el 
S6,000 enble metres eapad^), Qdikrd, b W#, cwtenrtdi a »»|dtetted apfwatttM 
glvtog a oontlanons inpply of hydropa, in wbkb a *al*ter* of wlpfenri# artd and water 
was oontinwaUy rtm into veiseli eontatataf Irow, and from whieb the wdaticm of l«m 
eulphato, formed wai oontlanally dirawn off. Wb« omI fM, aisbaetod fiWB eoal, (s 
•mploycd for filling ballooni, (I ibonld be as Ugbt, w as rWi to hyirfepw, m |*mtbbN, 
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Hydrogen, besides being contained in water, is also contained in 
many other substances,and may be obtained from them. As examples 
of this, it may be mentioned (1) that a mixture of formate of sodium, 
OHNaOj, and caustic soda, NaHO, when heated to redness, forms 
sodium carbonate, NaiCOg, and hydrogen, ; ‘o (2) that a number of 
organic substances are decomposed at a red heat, forming hydrogen, 
among other gases, and thus it is that hydrogen is contained inordinary 
coal gas. 

Charcoal itself liberates hydrogen from steam at a high tempera¬ 
ture j *0 but the reaction which here takes place is distinguished by a 
certain complexity, and will therefore be considered later. 

The propertiee qf hydrogen ,—Hydrogen presents us with an example 
of a gas which at first sight does not differ from air. It is not sur¬ 
prising, therefore, that Paracelsus, having discovered that an aeriform 
substance is obtained by the action of metals on sulphuric acid, did not 
determine exactly its difference from air. In fact, hydrogen, like air, is 

Fov thia roiiBoii, only tlio lawt iiortions of tlio gas oomluR from tho rolorta are oolleotocl, 
and, boBldoB Uiia, it Is then Bomotiinos pasttod through red-hot voaRolH, in order to 
dooompo«e tho hydrooiirboue aw muoh ae pOBsiblo; charcoal Ih dcpoBltod iu tho rod-hot 
vosboIb, and hydrogou romaiua ae gae. Coal gas may bo yol furthov onrichod In hydro¬ 
gen, and oonBoquoutly rondered lighter, by panaing it over an ignited mixture of charcoal 
and liino. 

L. Mond (London) propose# to manufacture hydrogen on a lar'go Boalo from water gn# 
{iM infraf and Chapter# VIII. and DC.), which contain# a mixture of oxide of carbon (CO) 
and hydrogen, and i# produced by tho notion of steam upon inoandosoent ooke (O + HjO 
«>CO + Iljli. He destroys the oxide of oarbon by eonrerting it into carbon and oarboute 
anhydride (300 0-t-00a), which la eftwily done by mean# of Inoandesoent, finely-divided 
motaUio niokel; the oarbon then remain# with Uie niokel, from which it may be removed 
by burning it in air, and the nickel oan then be need over again (see Chapter DC., Note 
34bis). The OOg formed ia removed from the hydrogen by passing it through milk of 
lime. This prooess should apparently give hydrogen on a large eoale more eoonomioolly 
than any of the methods liltherto proposed. 

•8 Of the metals, only a very few oombine with hydrbgan (for example, sodium), 
and give 8uh#lanooB whloli are easily doeompoeed, Of the non-metal#, the halogene 
(fluorino, chlorine, hromiuo, and iodine) most easily form hydrogou oompoundsi of these 
the hydrogou oompound of ohiorine, and etill more that of fluorino, is stable, whilst 
thOBO of broiniiio and iodiuo ate cosily deoonutosod, ospooially tho lattor. Tho other 
non-motals—for inalanoo, sulphur, oarlion, and phosphorus—give hydrogen oompoundi 
of different composition and propcrllo#, but they are all 1©## stable than woter, Tlvo 
number of the oarbon oom^mund# of hydrogen Is ononnous, but there are very tew 
among them which ore not decomposed, with sopsj^Uon of tlio oarbon and hydrogen, at 
f), red heat. 

•8 The reaction expressed by tho equation ONaHOj+NaHO^CNa^Oj+ttamay ba 
effected in a glsjs vessel, like the deoompositlon of oopper carbonate or mereury oxldt 
(see Introduction); it is uon-reverslble, and takes place without the presence of water, 
and Uieretoro Pictet (see later) mode use of it to obt^n hydrogen under great pressure. 

88 Tlie reaction between charcoal and superheated steam is a double one—that i% 
there may be fonnod oither oarbonio oxide, CO (aooording to the equation SgO-l-Q 
■•Ha+ 00), or oarbonio anbydridoCOj (according to the equation 8Ha0+0«8Ha+00a)i, 
and the resulting mixture is colled wafer-gms we shall speak of it In Cliapter IX 





its properties proves it to bo eutiroly tUirewut froni air. 1 bo umt »ign, 
which distinguishes hydrogen from air isi it« emulniHtibiUty. This 
property Lh so easily olisorvwl that it in the one whii h recouree ig 
usually had in ordor to recognko hydrogen, if it m tnolved in a ro- 


speahing of the comhuatibility and other rhemicid prupcrtiea of hydro- 
gon, wo will ilrst clescribo the phyaitml prttperfiei of thin as we 
did in the case of water. It is easy to i»huw that it. i s shh^ c»f the 
lightest g;ues.'^'-* If pafwuHl inltt (he Imltoiu of a ilank full of air^ 
hydrogen will not remain in it, but, owing to it*! lii{btner«, rapidly 
oscapos and mixes with the atmosphere. If, however, a rv Under wlit^ie 
orifiot is turned downwards be filled with hydrogen, it will tint e,i4-ajM'„ 
or, more oorreotly, it will only slowly mix with the atmcrtphea'. This 
may l )0 demonstrated by the fact that a Hght«l t»|K‘r w»tH flr«* to the 
hydrogen at the orifioo of the cylinder, autl is iteolf extiiigukhed inside 
th® cylinder, Honoo, hydrogm, being itiwlf oombuHtible, not 
support combustion. Th© gtmt lightae« of hyilrogen i« taken tt<lvan« 
tag® of for baboons. Ordlnaiy ooal which k nfton aiw» uml for 
the same purpose, is only about twice a« light m air, whUfct bydnigm it 


Hydrogen obtained by the Mtion ol Einn « iron « ®ttl|»hnrl«5 « ol g#»i« r4Uy mmlU 
of hydrogen sulphide (like rotten eggs), which it eonUinM In A» n rnto »nph 

hydrogen ia not «o pure (W tlmt ohWned hy the wtlionof an »)ertm> eufrent or «■( 
on wfcler. The Imparity of lha hydrogen depend* on the impuntw* rMiUaUnw! In th« 
alne, or Iron, and aulphurio aoid, and on ae«mtlw| rnw-tinna wlnrh lat« |4*r0 »imnb 


tanooualy with the main retwtion. Impure hydr<»gea »»y b# »Mdf fr»wl fp»m Iho 
Impurilleait oontaina: eomo of them “-namely, thtwo ha¥lng omd pro|t»rtt 0 « -.Are nhfctfbpd 
4)y eauatio aoda, and therefore may Ik> removed by (Maaing the hy4r»*g«» lhr«*ttgb «. wdu* 
Uon of Ihia aubntanoe; another iwtriea of impnrlUew la ah»orl»*«l by m. wdninm »4 nwrowrio 
chloride; and,l(MdIy, a third ««ri«w is ah»orlwd by a wdnlinn t»f |wla»inw 
n absolutely p«r« hydngm bo miuirod, it ia «o»eU»»a obtalnM by Ihn de^wfs.i^ilkm 
of water (previously boil«l to tspel iJl olr, and mii#4 with pore swlphnrie will) by tb« 
galvanic ourront Only the foa evolved at the nefaMve to Ur ebs, 

aa apporataa Ulte that wWdh gtvw dotoaaMiiR |** i» aaod, the nWsltmK hwwvw, 

being Immerwa under tmcmif ewsWnfaf nlw in wduUiwi, Th* which to evolved 
at tW» W^tnode tom teoaodlatoly, at toe moment of Ite wolullan, with the 

ahae, tmd iMa eompomd dlssolvo# la toe wlpharte oafd and larma «»» Bwiiihato, whkh 
rematM la ooluttw, and therefor® toe hydrofw pntmtod will he qthte fw from nsyfw*. 

An iav»ted beaker ta attotoed to one arm of toe beam of a kil»»rah)y nenwtlvt 
Manoe, and its weight eoimtw^iaod by weighla la too pm atowhed t«» to» c*to«r arm. 
If too beak^ be ^ flU^ with Uydropa It riaw, owtof to to* air hklog r»ptw®d by 
hydrogen. Thus, at the ©rdlawy tompemtnre of a room, a Ulw of air ahcmt IH 
g^, and on toe air by hytowpa a deemeo In weight of oheat I ®rf« pt 

*** P« t« heartwr than dry-tor mpoar to »ta« Umm 

h^viw toon hydrogen. In flUing b«Uo«M it k utmtoy wOonlatod ilwMit Wo* topo*. 

kyd^ea or to ebtoia it qnlto feio from air) to* WWag tmm 

i 1 ^ hyd^ and air in «im1 

to 1 kilogram (® 1,000 grome) get oublo metre («1,000 Uteet). 
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14| times lighter than air. A very simple experiment with soap 
bubbles very well illustrates the application of hydrogen for filling 
balloons. Charles, of Paris, showed the lightness of hydrogen in this 
way, and constructed a balloon filled with hydrogen almost simul¬ 
taneously with Montgolfier. One litre of pure and dry hydrogen*® at 


^ Tho clonaily of hyQrogon in volalion to tho air haa boon ropoatecUy (lotorminod by 
aoourato oxporiraontH. Tho flrot dotormination, niado by Lavolsior, was not V017 oxact'j 
talcing tbo donslty of air as uirity, bo obtained 0’0709 for that of hydrogon—that is, 
hydrogen as thirtoOn times lighter than air. More aoourato detorminations ace due to 
Thomson, wlio oblainod tho flguro 0'0608; Berzelius and Dulong, who obtained O'OO80; 
and Dumas and Boussingault, who obtained 0*06045. ^Rognault, and more rooontly Le 
Duo (1H92), took two spUoros of oonsidorablo capacity, which contained equal volumos of 
air (thus avoiding tho noooBsity of any oorrootion for weighing them in air). Both spheres 
wore attaohod to tho soalo pans of a balanoo. Ono was scaled up, and tlio other first 
weighed empty and then full of hydrogen. Thus, knowing tho weight of tho hydrogon 
filling the sphere, and the capacity of the sphere, it was easy to find tho weight of a litre 
of hydrogon; and, knowing the weight of a litre of air at • tho some tomperaturo and 
pressure, it was easy to ooloulato tho density of hydrogon. Begnault, by these experl- 
monlfl, found tho avorago density of hydrogon to be D*00920 in relation to air j Be Duo, 
0*00948 {witbapoBsiblo error of i0*00001}, and tbis.laUor figure mxrst now be looked upon 
as near to tbo truth. 

lu this work I shall always refer tho densities of all gases to hydrogon, and not 
to air ; I will thoroforo give, for the sake of oloarnoBs, tho weight of a litre of di-y pure 
jiydrogon in grams at a tomperaturo t° and under a prossuro II (measured in millimotroa 
of moroury at 0", in lat. 46“).. The wolglit of a litre of hydrogon 


«0*08080 X — X -- gram. 

700 l + 0*00807t'^ 


For alironauts it is vory useful to know, bogidos this, tho weight of tho air at diiloron® 
hoighlH, and I thoroforo lusort tho adjoining tablo, construoted on tlio basis of Oloisbor's 
data, for tho tomperaturo and moisture of tho atmospheric strata in oloar weather. All 
ih© flguroB are given in the jn^triool system—1,000 millimetres ■ 80*87 inohos, 1,000 kilo 
poms-2204*8876 lbs., 1,000 oubiometro8«86,810*6 cubiofeet. The starting tomperaturo 
i^t the earth’s surface is talcen as -16® 0., its moisture 00 p.o., pressure 700 millimotros. 
Tlie pressures ore token as indiooted by an aneroid barometer, assumed bo be oorreoted 
at the sea level and at lat. 46®» If the bright above the level of /ihe sea equal« kilo¬ 
metres, then tho weight of 1 oublo metre of air maybe approximately talcen as 1*222- 
0*12« + 0*00877s* kilogram _ 


Prewnu'o 

Xumpurutnro 

jHUHRMH 

IIBSli 

Weight cf tho iilr 

700 mm. 

15“ C. 

00 p.o. 

0 raotros 

1222 kilos. 


7(K) .. 

11*0" „ 


COO „ 

1141 

K 

g 


7*0“ „ 


1800 „ 

1078 


4 


4*8® „ 


1900- „ 

1008 


1 

HUH 

+ 1*0® „ 


2000 „ 

681 




- 2*4® „ 

08 „ 

8420 „ 

«67 

>* 



- 6*a® „ 

62 „ 

4260 „ 

781 

f* 

1 

400 „ 

- 0*1® „ 

44 „ 

6170 „ 


0 


860 ;; 

-12*6® „ 


0100 „ 

024 


§ 

000 „ 

-16*0® „ 

27 „ 

7^00 „ 

042 

u 


260 „ 

- io*a® „ 

19 

8720 „ 

467 




Although the figures in this table are calculated 'with every possCbki oate from aven^ 
dftK yeb they can only bo taken approximately, for In everysoporate oaee the eondlttotU), 
Iboth at the eortli's saj'face and in the atmosphere, will dlfl<>r fyom those here taken. In 















0® and 760 mm. preiiure weighs 0‘0fl986 gmm ; ihai is, hj^drogen la 
j,lmoat ld| (moro exaotly, 14'39) ttmt« Iigh<K»r than air. It k th® 
lightest of all gasos, Tho small rUmsity of hytlrogisn deti'rminft many 
romarkable properties which it showB ; thus, hydrogen piiHws oKre«»d. 
Ingly rapidly through fino orifloot, it« tnolecuUa (Clmptor L) being 
endued with the gtmtwt velooity.®’ At pr«8iur«» fMunewhat higher 
than the atmospheric pressure, all other gases exhibit a greater 
comprosfilblUty and co-efRoiant at expansion than they slum Id wctjrtl. 
ipg to tho laws of Mariotto and Gay-Lvwtao ; whikt bydrt*gen, on 
tho contrary, is comprc.sst'd to a loss di'grw* thatj it Khouhi Iw from 
the low of Mnriutto,®'* and with a ri«o of pretaun* it expand-s slightly 


ealeulfttlag Uw hetghti to whleh a Uftllwin can (iw*ni4, n i* svalneit tlwl ihi* of gm 

SawkUon to rIv mu»l l>« known. Thk dwnatly tor onbnn^ r»k*5 gw s« fnnn t> B i»t o 8S, 
and tot hydropn with it# ardlwy twntenti of moi«lun> wi4 air from » I t»* «i SS 

Rtnoe, ter InstRnw, it m»y ha wUitukletl tlwl r Iwltnin of l.ww failin’ tn«»ir« r^jwliy 
filled with pure Uydrojcen, muI wnlihing; ftho lurkln. *nt! l>».U««t| 7t1 

kilograms, will only RNcontl to r heiKhI of fthoul 4.88« m«»!r« 

If r erauked flask hn fllM with hydruftH ftmJ n»»k iiinlw «Ri#r m 

raareury, thin, the liquid will dae op tukt dw fl»k, wwfni l« th® |»awilaf 

throttg'h the «R#k» aboul S*a llm#i qatokw th*n the Rir»« abk 8«» ihrongh sl»*« 
etaeka Into kh* fiwk. The smne phimom^non may Iw twiior ol***ffwl if. »w»s»**»i »4 * flR®k, 
a fcuhe be employed, wh» end ta el»»d by e p«r«« onbiiww. onrh m ffr4ph*i«. tiw«k*«l 
earMaeaware, or a lypsum pkte. 

•» Aeeordlng to Boyle and Martetto'e kw, for a gken gM »t a rnoaiant 
Uto volume dMteaaee by M many UmtSMllit pr»*«or» . th«t i«,iliiakw requlro# 

Uial the produot of the volume o and the pf«!#*tir« p far a giwn «h*«ul4 ti« a ronalonl 
qaantlty: pv»0, a eonstant quantity which do«« «»l mty with a rhnwge ««f |w»«nr», 
Thl# equation does very nearly and wtaoUy expri»« iH# »b*#rf»4 r»kn«n Wswbmi tto 
volume and pri»«ure,hut only within wmpwatirely await vwtainons wf pr*iia«r»».»toiwily, 
andiVolume. If tbeie variatlona be in any d^r*e c«»n*kl«rat»lB, th* qBaniiii’ |»«‘ prav## 
to be dependent on the prewure, and li titotr itwimw# w dimlni»h»® «nb an inerms# 
of presBure. In the termer ea*e the eompr*»ibiUty i« I#mi Hmw II tttemtil hm «rr*>r«lin« 
to Mariolte'a law, in the latter ease it la greater. W# wlU rail llw hr®! mm a 
dlserepaney (beeauae then d(pt>)*«/f^) l» f»ter than lerol. **»1 the r««i* » 

ftegatlve dlaerepaney (Uftoause then d{p») itU jt) i* |#*» than mm). Iktenmnwiittna made 
bymyeeU (in the Mr8nU#t),M. t*. Itlrploheff, and ¥. d. ttewtllan atwwfct that all l«wwn 

K at low pr@a«ttre»—f4. when e«(i*idw»Wy t»«ii»re diwrupanPi##. 

« other Iwnd, It appaw from tte r8«w®h«« d Calltetot. iwl Atmmi tta* 

all |a#M m&m great ptoewww (whew ih§ vdome eblil»#d i« iinw# !«»a« ih*a 

under ateto#i«fte pweuto) dw p^nl prtMve dliewpmd#*, Time «i«kr # pr»». 
sure at 8,TOO »^#ph«»8 aJr te eompwswi, m% %m Uwm, hut «1| «w. atd hyilr.»ie« 
1,000 fcm##, Renee the peltive kind of diterepjtwy fs,» to »af, nwmd b* And 

this is eaeily InteWglble. U a im teUewed Martotte’i kw, m If li ww tmnmmma to a 
gmtor extent than I# ehowu by thk law, ib« uAr pml H WMuld allain a 

denwty greater than Umt of »Ud and liquid aubetanwn, whieb i« in ibwU lmBrab*l»l« »»4 
even impowtble by re«^ of (he taet that roM bq^td 9 ub#la««»i m* bnt* 

little oomprerriblo. kor Inetanee, a oubk oentlmebn of oityfwi at u" «.»! wndw ilw »!• 
meepherie preewre weigh# about 0*W1* pMs, and at a p»«r# ef i.oi« 

(th e ^*9ure k attained in g«ne) It would, Wit Wtewed Ifariotiek kw.w*t«l, 4 8 «»«» 
--that k, would be about four times heavier ttmn wa*M>—and el a p»«uf¥ «f 10,0W 
almoi^heree It would be header than mweury thk, dlw»»»te« m« 

probable beoause the mokenks of a p* tbemeel vh must awapy a eertolB volume, Of»n» 
aWerlng that MwloUe'elaw. sttlelly speaking, appUeeouly togbe IntersKiktukr^^WB. w» 
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tc88 than at the atmospheric pressure.*® However, hydrogen, like 
air and many other gases which are permanent at the ordinary tern* 

can undorstaud the necessity at positive dlsorepanoies. If wo designate the volume of the 
molooules of a gas by b (like van dor Waols, sos Chap. I., Note 81), then it must be expeoted 
that (v - b) ■» 0 Henoe •» O + bjp, whioh oxpixossoB a positive disoropanoy. Supposing 
that for hydrogenjpv «1,006, at a pressure of ono metre of mercury, according to the results 
of Hegnault's, Amagat’s, and Natteror’p experiments, ye obtain 6 as.approximatoly 0-7 toO'9. 

Thus the inoroaae of pv with the inoroase of pi'ossuro mlfst bo considorod as the 
normal law of tho oomproasibillty of gases. Hydrogen presents snob a positive oompros 
sibility at all proasuros, for it presents positive disorepanoios from Mariotte's law, accord* 
ing to Regnault, at all prosaures above the atmospheric pressure. Hence hy^ogon ie, 
BO to say, a perfect gas. No other'gas behaves so simply with a change of pressure. All 
other gases at pressures from 1 to 80 atmospheres present negative dlsorepanoies—that 
is, they are then compressed to a greater degree than should follow from Mariotte's law, 
as was shown by tho determinations of Regnault, which wore verified when repeated by 
myself and Bogussky. Thus, for example, on changing tho prossuro from i to ao metros 
of mercury—that is, on increasing the pressure five times—tho volume only dooroaBod 
4'08 times when hydrogen was token, and 5'00 when air was taken, 

Tho positive disorepanoios from the law at low pressures are of particular interest, 
and, aooording to the above-montionod detorminatlons made by myself, Kirpiohefl, 
and Homilian, and vorlflod (by two methods) by K. D. Kraevitoh and Prof. Ramsay 
(London, IHOtl), they are proper to all gases (oven to thoso which are easily compressed 
into ft liquid state, such ivw carbonic and sulphurous anhydrides). Thoso dlsorepanoies 
approach tho case of a very high rarofaotlon of gases, whore a gas is near to n condition of 
maximum dispersion of its molooulos, and perhaps prosents a passage towards tho sub- 
Btanoo termed ‘luminiferous other' whioh fills up interplanetary and interstellar space. 
If wo suppose that gasos are raroflablo to a definite limit only, having attained winch 
they (like solids) do not alter in volume with a dooroaso of prossuro, then on' tho ono 
hand tho passage of tho atmosphoro at its upper limits into a homogeneous eUroreol 
medium booomoa oomprohen8iblo,and on the other hand it would bo expected that gases 
would, in a state of high rarefaction (i.e. when small masses of gases occupy lorge 
volumes, or when furthest removed from a liquid state), present positive disoropanoieB 
from Boyle and Mariotte's law. Our present acquaintanoe with this province of highly 
rarefied gases is very limited (beoauso direct moaeurements are exeeedingly difiiault to 
make, and are hampered by possible errors of experiment, whioh may be considerable), 
and its further development promiees to elaoldatemuoh Inreapoot to natural phenomena. 
To the three states of matter (solid, liquid, and gaseous) it ie evident a fourth must yet 
be added, the ethereal or ultra* gaseous (as Crookes proposed), understanding by this, 
matter in its highest possible state of rarefaotion. 

Tho law of Gay-Lussao states that all gases in all conditions present ono coeffloient 
of expansion 0'00l)07*, that is, when heated from 0° to 100° they expand Iflce air, 
najuuly, a thousand volumes of a gas moaflurnd at 0° will occupy 1807 volumes at 100° 
Regnault, about 1H80, ehowod that Gay-Lussao’s law is not entirely correct, and that 
different gasoB, and also ono and the same gas at dlflorent preasuros, have not quite the 
same coofUeionts of expansion. Thus tho expansion of air between 0° and 100" ie t)‘807 
under the ordinary pressure of ono atmosphere, and at three atmospheres it la 0'871, tho 
expansion of hydrogen is O'SCO, and of carbenio anhydride 0*87. Regnault, however, did 
not directly determine tho change of volume between 0° and lOO", but measured the 
variation of tension with tho change of tomporaturo; but since gases do not entirely 
follow Mariotte's law, the change of volume cannot bo directly judged by the variation 
of tension. Tho investigations carried on by myself and Kayandor, about 1870, showod- 
the variation of volume on heating from 0° to 100° under a constant pressure. Those 
Investigations eonflmmd RygnauH's concluaion that Gny-Lnesac's law ie not on,Urely 
correct, and further showed (1) that tho expansion per volume from 0° to 100° under a 
pressure of one atmosphere, for air 0*868, for hydrdgen -0*867, for oarbonio onhydrida 
■iO*878, lor hydrogen bromide »0*880, &o; (S) that for gases which ore moreoompnw* 



184 


mNOEfUSS OF CHEMISTRY 


peraturo, does not pass into a liquid «tato under a very constderabl© 
pressure,®^ but ia oomprewod into a lessor volunm than •would follow 


dblo Uian ahouUl follow from Mwlotto'ia kw fht* wtimmsion by bml wllh the 

pre8suro»~for osumpk, for air nt a prewsuro of tliruo ^niS « h*lf alrins^plwrea, il ikju&Isi 
0'f)71, for efvrboxib anhydritl© ono atmoapbnro il Ajuaf# O'0ia, »l lSir»m Rltmwphonw 
O'iSSO'i BJicl B-t eigbti atmosphwes 0*410 ■, (8) Unit for g«i(w which err** lr»3 «*.>H)j»r»i»i3il)i,» 
tbivn diouia follow from M^otte'a law, by Iwal.itnrrc.a.>i,.« wiih wn, jnrroasn of 

preftBuro—for example, forhydrog»m al emofttmttRphrro O atff, at cighl i!t»n«ji)i«!reB 0 
for air ftl a (Juartor of mi atmewphorn 0*f)7{), al »n« alnitwidiwt* 0 Ik** ; »»«1 iiyilr,»u*»rt hko 
ok (and all gasoa) 1« leas eomprowMnl ai hw prmsurm Uwn almtiUl f,ill«'W frwm MamUte's 
law (seoNoto afi), llenrtt, hydnigtni, BturtiiiK frtim «*>n) to tin* hi«U<i8l pwiMur®®, flxlnbila 
a gradually, although only eligluly, varying coe{flrit*t»4 of est*«u®i>>n, whilal f«r air and 
oUior gaBOB at the tttmoBjtherio and higher |»ri»»i4m>«, th«> cnifttrioiit nf e^{,»iiig,i6,t 
Inereajoa with tho iiicrwisu of pn*««iure, tui lung a«» thuir ru>iiprp®»ihihlr »« gr«-a.l?*r than 
should follow from Mariotto's law. Hut whet* at lh«s kind of 


dlswepanoy pwaoa Into the normal kw Nnto aai, then lh*» owllh icnl i«f p«|mi,ai.tn of all 
gases dsoroftsos with on Jneroasn of pruBBuro, m i« wn frnrn the r«j«>ar. Inw of Afuogat, 
Tbo ^KTeranoe between the two <.wltl»U»uia of oxjwuaton, f«*r «, ronsbuil |»r»’»«Hr« and for 
A oonsttmt TOlnme, is expIaintHl hy thoM* rcktimw. Thus, for fur «tr «t a 

presBuro of one atmosphere tho true «wftleient of «s|«n»tkin (the vidnune voryittg at m«. 
st&nt prowmra) »i 0 ' 0086 H (oeoottling to Mwnd»W«flf and Kayanitorl wid Iha mrktlun of 
tension (at a oonstanb volume, aeowUng to R^nanUl ~ o-ttoMt. 

*7 Permanent gwea are the* whieb ©awnol Iw ii«}ttefl«s»l hy an in«-reii»<» «»f {wewnre 
atone. Viflttv a rise of t«mp»rata», all Rasts and vapour* t*w’ttniB |nsriMMi«n'»i gaaei, A» 
w,e shall afterwards leam, earbonie anhydride bt>«tme« a jmmmfmHl gaa «l lftmp#«itttr«ii 
above 81®, and at lw«r twmperatnrt* it hw a snMlronm and way im lji|«ptled 

by pressure oleae. 

The of g»e», wsemnpUshtd by Farwlay fwi» Amtm>n<«,t‘h»|tl®r Vt) and 

others, iu the first half of this oentory, ohowwl llwl a numkr of «i(b»Ufirea au' 
like water,-of taking tdl Umee phyairal «tate«, and that thure i« jw dtffpponw 

between vapours and ga««, the ertly dislinetlun Iwlng that lh» t*.,4inii p»nnN {nr the 


temperature at whieh the tension *»?eh mnt.) nf liipiids lie alwive {h«> ••rdinwry lctfip«w. 
ittre, and those of liquefied gases below, and cwnwt'ijuipnHi b ga« l« a BwiwrhiPrttpd v« j**Hir, 
er vapour heated above tlje boiling ixdnl, or remnwd from ramRiMh having 

A lower tension than that maximum which Is pmjier In a given and wih- 

stanee, We will hero olte the inttximuiH of cprlain wid gawss nt pttHtmi 

tttnpeT&iuTei, because they may be taken wlvanteMutif f«»r nbteining cniiBtenl te>n|w>pa> 
turns by changing the presBnre at which kdUng «r the fwr«»ll«n »»f wlnrated tajK>of« 
takes place. (I may remark that the dependeni'o Iwlwwen ttw tes»k*n i»f lh»* »»lur«l»fd 
vapeure of vorlouB lubstaneei oafl the l«»paratw§ l« vwy comptes, wul nanally mptirwi 
three or four tad^dent emwlMte, whWh vary with lbs nabtf# *4 lbs «uUto»», and 
We found temn the dtpwdtoce ef lwM«n p on tt»« temppraterw # by »*|*Mfl' 
inenti but in 1899 K, D. fficotvlteh showed that thl* d»|»#ttd«n«« 1« by tl» 

popples of A robstonci, each os Ite dtnsUy, spocifla hmt, and latent bwl pf 
Itett.) m topeeatore# (oceordteg to the air themmmetor} wm i4*e«4 »« tb» teft, and 
tmamon la mOllmetse# of rnwroary (at 8*) oa Uw righHiowd »W«» »f lh« #«jMiU«»na, 
Carbon bitulpbide, 00*, 0®««1W'9| 10*»lW*Bj M“*-iSP‘lj W'^iSl'ij 4 *r-«I 7 l; 
60®»i857'l. ChlombeBMme, 0#:B^OI, 70®»97*9[ Jwr-tM-M; 

no®»409*0| iaO^»B49*8| Il0*»71.r0. diBillne, C^I|N, lir**»ii 7 i ItW’-HilO; 

ieO®i»077H! X88®«Ttl*6. Methyl wdkyli, IW* 

MofM«««r|,I£g,fcjff*«i4e'«; 

W0®8.a04'0) 890®^878*74 880«-4M*4} Isr-WM. id. 

phtpr, 8,806®m8OO| 498®»M0j 448»®700| 4ii®«SW} 4»*«»0, Thw igwwi (B«a. 

show the poietblUty of obtaining MMloal temperAtor^ la W» vKtottra 


a pmsore of 700 man (eoeerdkig to the Mr thermomotw ^ ColtesdM ao 4 
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from Mariotte's law.*® From this it may bo concluded that the abso*^ 
lute boiling point of hydrogen, and of gases resembling it,*® lies very 


Grifllthe, 1891) t axtUine) 184°i®18; naphthaleno, 217° >=94) benzophonone, 805°=»8U| 
moroury, 860°«76i tripbenyl-motliane, 860°«o44,* sulphw, 444°>=B8. And melting 
points: tin, 981° ■=08; biemuth, 209°‘=29; lead, 897° <=69; and zinc, 417° <“67. These 
data may bo' nsod lor obtaining a constant temperature and for verifying thermometers* 
Tho samo object may bo attained by the molting points of oertaiu salts, determine® 
according to tlio air thermometer by V. Moyor and Riddle (1808)! NaCl, 851°; NaBt, 
797°; Nal, 060°; KOI, 700°; KBr, 716°; KI, 098°; KjCOj, 1046°; NoaOOj, 1006°} 
NojBjiOy, 678°; NojSO^, 848°; K 3 SO 4 ,1078°. The tension of liquefied gases is expressed 
in atmospheres. Sulphurous anhydride, SOj, ~80°»=0'4; — 90 °b> 0'0; — 10°»=1; 0°«=r5{ 

+ 10°«>a'8: a0°».8’a; C0°«6-8. Ammonia, NHj, -40°»0-7; -BO®-!-!; -a0°»r8j 
—10°®9‘8; 0°<=4'2; +10°«»0’0’, 90°«=8*4. Oarbonio anhydride, 00j, —116°«=0’088 ; 
-eo°«l; -70°-91: -00°-8'0; - 6 O°«. 0 ' 8 ; --40°«.10; -20°«.'a8: 0°<=86; +10° 
-40; aOo-68. Nitrous oxide, N 3 O, -.ia6°«0-088 ; -02°«=1; -80°»r9; -60'-7'6; 
-ao°-98'l; 0°-80-l; +90°-66-8. Bthylorto, OaH^, -140o«0'088; -I8O0-OI; 
-108°»1; -40°-18; -10-42. Air, ~191°»1; -168°-14; -140'«8a. Nitrogen, 
N3,^-908°-0'086; -1080-1; -100O-14; -140o-8fi. The methods of liquof^ng 
gases (by pressure and oold) will bo dosoribod under ammonia, nitrons oxide, sulphurous 
anhydride, and in Jator footnotes. Wo will now turn our attention to the fact that tho 
evaporation of volatile liquids, under various, and ospeoially under low, pressures, gives.* 
an easy moans for obtaining low temjpcraturos. Thus liquoflocl oarhonio anhydride, under 
the ordinary proBBuro, roduoOB tho temperature to —80°, and when it ovnporatos in a 
rarefied atmosphere (under an air-pump) to 25 ram. (-O'OSS atmosphere) tho tempera* 
turo, judging by tho abovo-oitod figures, falls to —116° (Dewar). Even tho evaporation 
of liquids of oommon oocurronco, under low proBsnroS easily attainablo with an air-pump, 
may produce low torapornturoB, which may be again taken advantage of for obtaining 
still lower tomporaturos. Water boiling in a vacuum boeomos cold, and under a pressuro 
«t less than 4'6 mm. it freezes, booauso its tension at 0 ? is 4'5 tumi. A sufficiently low- 
temperature may bo obtained by forcing fine streams of air tlmough common other, or 
liquid carbon biBulphido, CS 3 , or methyl chloride, CHjCl, and other similar volatilo 
llcjuids. In tho adjoining table are given, for oortain gases, (1) the number of atmo« 
spheres neoossary for their liquefaction a.t 16°, and (9) the boiling points of the resultant. 
■liquids under a.preaeuro of 760 mm. 


0 ,H, 

N,0 

00 , 

H,S 

AsB. 

NH, 

HOI 

OH,01 

0 ,N. 

SO, 

43 

81 

89 

10 
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7 

98 

4 

4 
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-108° 

-09° 

-80° 

-74° 

-88° 

-80° 

-88° 

-84° 

-91° 

-10° 


** Natterar's determinations (1861-1864), together with Amagat'e results (1880-1889), 
show that tho oomproBsibility of hydrogen, under high pressures, may be expressed by 


tho following flguroa 

esi 1 

V ^ 1 

■pv « 1 

« « O’ll 


100 

1000 

2600 

0-0107 

0-0019 

0-0018 

1-07 

TO 

0-26 

10-8 

68 

86 


Where jp » tho pressure in metres of mercury, v - tho volume, if tho volume token under 
a pressure of 1 metro •» 1, and s the weight of a litre of hydrogen at 90° in grams. If 
hydrogen followed Mariotte’s law, then under a pressure of 9,600 metros, ono litre would 
contain not 86 , but 906 grams. It is evident from tho above figures that the weight of 
a litre of the gas approaohes a limit as tho pressure increases, which is doubtless the: 
density of the gas when liquefied, and therefore tho weight of a litre of liquid hydrogoft 
will probably bo near 100 grams (density about 0 ‘ 1 , being less than that of all othe» 
Uqulds). 

#* Oagniard do Latour, on healing other in a olosed tube to about 190°, observed th&l 
At this temperature the liquid is transformed into vapour occupying Uio orlginsd volume— 
that i% having the some density oa tlm liquid. The further investigations madeby Drion 
and myself showed that, every liquid has suoh on ahtoluto boilmff point, above whiob. 










much below the ordinary tetnrwrataro ; timt ii, that the liquefaction of 

U cftnnot exi»t,(W ft liqnld anA li trftn#f«<rm«l lni« a tkrw l<t gfmp th® tma 

BlK'niflcftlitm of Ihl® fttiwtluui iKiillng initnwrauw, tl iinml tw r(*mniiilMsrwl ihal ths liquid 
Biftlw ia okufttefiirlBed bj a wihwlt>« nf Ua jsurtklBii whk-h »«>t Ml«l In tftjfmnrB and 
fUMft. Tht eoHttioft of liquid# 1« enjiroiWMl m lb»ir eafiilkry V'b»nom«tn«, (Uio bwaku 
In ft caluBm of liquid, drtij) fomalioo, and rlw in e«|itll«ry *0 ), atol iho pnxluol of 
th« diwsl^ of A Uqoid into Ibo hoifbl to which U ri®«« in « papillary lulw (..f # drflnite 
dlftmulw) iWft a« tVw of tiw tnapilludo of «.bc»ir>n Hjo«, m a tolw «if 

1 m*n. wftter at 18” rt»e@ (tho h*lthl toing rotwScd for ih«» rooniw’ttaj U-h mm,, 

and 8th«r #d f® to a height fi'M-O'OW mm Tho ocdmitm of a llijtiid la bBtnn#d by 
liBAtlnR, and Uiei«for« tho e«|>illtury Imighto aw alw dimlnj®b#4 U h»« bwm shown 
by «sjK*irimont that this dwwmonl m pFnjaTliiitwI to Ih** tomjwratari*, and honee by iHo 
aid <d c'lvjtiUary obiwrrftUonft w«i an* »blo to form an id»» lhal »t a rortain rite of 
tem^Wfttuim ilm eolMwion may Itmime *"tt. For t»lber, acrnrdmg u* lb« sImivo fomuk, 
this wtmld owtMf al 101“. If th# «d»»i(>n dl«ftpiw»w from « !t«|«ud it 8>f!»‘o»n»« a gai, 
for «!oh»Bion ta ^ tmly jadnl ol dWwnnott V»lwa»n tb«w» iwo 4 liquid in 

«Vft]po.iM^tag «d WisiMBftittjt to« tmm of «»h«#km abw»rb« heal. Thi»n>f.*r«, tbo abwilnto 
boil-tof pdal w«» diliwd by »« {!»«) m lhal |#wi**>r«t«r» «l whiwb {.il a li>j«n4 oannoi 
•sdtt M A Uqttld, but forma a gm wbiA rannot paw into a hijtud «l»to «Md*»f any pr««.. 
*ttr« wbfttowrj (6) ftohftnkmwOj and to) IH** latont h#»i «f «»ap®«llt»n •• e 

ThI* dftflftilltm WM tml Uttte known wiUI Andruwa il*W} »iiplaift»d thn mattw from 
fti»th«f SIwtteg fwtt p#e#, h« d»»«»r«*t#d th«l B*rS«(W anhydrido caonoi 

ba liqotM by Any d^rM of MnfMMkm al towpemlnrM aWn UV\ wbil#t al tmw 
ll wn ba E« wM thit tompmlw# Ito* tmHeai (ump^mtum. 

It Ig fttltel tbfti 11 ii th« WM M (h« ftb»p)til« Ming poml. W«t ahaii aftorwardii 
it Iqi t«. At bw iMapwfttttm a wkteb !« Bnbiwtvd to a {WMnrw pmlw 
thwn Iti mAKimmn (Hetw ftf) ia tnntfiMmeA Into » toitud, which, m «va|aMm,|ing, 

glv®8 A ttftturftttd HApewr pMMfttini tbln i whibt at iwnppratorw akiw 

fa th« pmfttiNi to whbh Um fui is »ttb|«otod may !!»»•»*» todrSnitoly. llt»w»r*r. nndw 
th«® eonditlons tJw roltuRM d! th« fiw da*# ehR«t» ind^initoly Iwi «{i|»n*aeh»i« a 
daftnito limit (mi Noto M)—ttiat is. It r##iwW»a In thi* r^p#*l a liquid « a wdid which 
Is ^torsd but lltllft In rdama by pwnsMft. Th« whteh ft Uqnld or g»«i wquiiles 

ftt fe in tomsd th« eHtUai mtvm4, Mid with tb* pnHmi pMitufit, whteh 

w« wiU dsetgmte by jpfl sad aitpNiiM la Atmmpherm It te evhbai fr»»«* wh*l hm twea 
said that the diBerepwBeles hrom Martolto sad Itoytrt kw, tb» sbwtkto k^hnu ixnnt, thn 
density in liquid and eomp*»##<^'pftWM skto, m& the pfupi»rtiM of hqnitH Mits«t sdl 
be fntlmfttely etmmetod togtOiw. Wf» will wmrfdw thftim wklitm# #n »n» of tb*» fnllow* 
lag note#. At presentwa will SBppkmanI thu nliore ob*i«rT®W«« by to« fftlana r»f to nad 
jw lor eertftln liquids wsd pew wWih hw b«« iiiw»llg*i>rd »« this fi»*|»r 4 
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THi: OOMPOSITION OP WATER. fiVbROiJBlT' 

''tWs gas la only possible at low temperatures, and under great prbssulws.®® 
This conclusion was verified (1877) by the experiments of Pictet and 
Oailletet.®* They compressed gases at a very low temperature, and 

I came to this oonclusion in 1870 (Ann. ’Phyi Cliein. 141, 028). 

SI Pictet, In his researches, eifeoted the direct liquefaction of many gosos which up to 
that time had not boon liquefied. Ho employed tl»o apparatus used for the manufacture 
of ice on a largo soalo, employing tho vaporisation of liquid sulphurous anhydride, 
which may bo liquefied by pressure alone. This anhydride is a-gas which is transformed 
into a liquid at the ordinary tomporaturo under a pressure of several atmospheres (too 
Note 27), and boils at —10° at tho ordinary atmospherio pressure. This liquid, like all 
others, boils at a lower temperature under a diminished pressure, and by oontinually 
pumping out the gas which comes off by means of a powerful alr.pump its boiling point 
falls as low as —75°. Consequently, if on the one hand we force liquid sulphurous 
anhydride into a vessel, and on tho other hand pump out the gas from the same vessel 
by powerful air-pumps, then tho liquefied gas will boil in the vessel, and cause the tem¬ 
perature in It to fall to —76°. If a second vessel is placed inside this vessel, then another 
gas may be easily liquefied in it at tho low temporatnire produced by the boiling liquid 
sulphurous anhydride. Pictet in this manner easily liquofiod carbonic anhydride, 00a 
(at —00° under a pressure of from four to six atmosphores). This gas is more refractory 
to liquefaction than sulphurous anhydride, but for this reason it gives on evaporating u 
still lower tomporaturo than can be attained by the evaporation of sulphurous anhydride, 
A tomporntiiro of — 80° may bo obtained by tho evaporation of liquid carbonic anhydride at 
tt proBBuro of 700 mm., and In an atmosphere rarefied by a powerful pump tho tomporaturo 
falls to —140°. By employing such low temperatures, it was possible, with the aid of 
pressure, to liquefy tho majority of tho other gases. It is ovident that special pumps 
.wliioli are capable of rarefying gases are nooossary to reduce the proseuro in the 
ohambors in which the sulphurous and carbonic anhydride boil; and that, in order t 
ro'Condonso tho resultant gases into liquids, special force pumps ate required for pumping 
tho liquid anhydrides into tho refrigerating oliambor. Thus, in Pictet’s apparatus 
<flg. 24), tho carbonlo anliydrido was liquefied by the aid of tlio pumps E F, wlilob 



9M. arrangement of tho apporatua employed by IHotet for liquefying goaee, 
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tihen «.lloM»6d them to expand, either by direetly dooimting tho picture 
or by allowing Ujew to eswp© into tho air, by wbioh rneam the t«Q. 
porature fell ttUI lower, and then, justM Btmnj when rapidly mrofled 

comjffWfled tho gw (at» Bre»»ur« of 4-0 fttaowsiiJwirMi) ««1 fetrwd il ImIo Uki lal* K, 
vJujoifoody wolitl by Wag ,«um)ttBd®d by Iwiling U^akl iul|ibttirMU« wihytUrW*, wlildii 
wan in ilw t«i>o 0 by tbs pamj* B, aiwl by Uie j/uwip 4. Uw 

llqaeflefl owbonla anhydritip.flowed dawu tb»» lul»« K iutw Ut«» lul«i H, In wl;uf.U l| wm 
* ul)j«ofc6d to » luw proiioa! by Uw nump E, tuul lha« gava a y«ry k>w te»np«i»to«tt ol 
about —UO*’. Till) immii E e&rriwt olT tlio v&|H>uri»f thn caurtwilo wibytlrid**, md eon> 
duolwl U to U«' immji I*', by whirfi it w»w egidn litjwWi TUe wwbonte MibydrWs 
rniido an uatiui circuit that i», it /row a rMcrfWil mpow tti mwdl t«rirt«ia wad low 

linniK'raturo inlu a ooiniiroawxl and natltMl gaa, wliieb wa« tiwi»ft»mv»d mtoa lk|ttW, wbWb 
again vaporlwal and |in«loml a low tamiwatom. 

IiiBidw Iha wide lucHned to bn H, whem tlm carWito w<4 ofttpowknl, ««« n 

jsooad and mmm toba M oontaUiinM hydin^«», wWeb wm fwwratei In ib« vesW h 
tfom ft- misturi of sodiuci ionnaU and eausUo »«4a ItJHttuMa *• N«llO« NajCOg t- ll|), 
This mixtaiw gives hydragwt on Iwatlng the venwd I,. T;*td« «i«l ib« tabs K 

wejw made of thick and enuUi willwiwwl gtwrt {,«'•»«»«. Ttwy wsm, tiww. 

over, hentwtlottlly cunitftotttd tugetb»r and «b!««l u|r. 11i»# tlw hyib^wi wbtA wna 
evolved bad nu outlet, aMmubitsd in a Umtlwl apM*, wal ito in 

projKurtlaa to tba amoanl of It evolved. Tbi» i^w»sir» wm «w a mntadlte m#»o. 

metw E fttiMbid to tbe wad of tbi tob«i M. As tii» bydi«i«n to tbte IuIm wm wbimllt^ 
to ft v«y low ftttd » powerful pw*w«, ftU urnmmof i‘4»iwlitk»tB wm 

ptweat TO ll« Uqotttiwltaft. Wbro Uw pc®«»ttir« to tba tabe H b««»« «ta«4y»«i4. wto« 
Uto tompeiTfttofe hud Ulm to -> 14^ vM tte mMumtar E todMtod « pr-Mnn of AKt 
fttmotphmi in te tobe M*~tb«a this ptwore dM m 4 vitto wiib a /tuilm* evutatom «f 
hydrogm in the veewl L, TW« *wvid ft* m iiiitertom tb«4 Ibo td lh« vftijmir ol 
the hydrogen had attoiadl a molwom eanr««f*Budta* with - lio**, and that e«i»«iu*w»tiy 
ftU Uie e^eeii of the gM wm eondenwd to a U^utd. lb«l«t mitftowt bimWf nt tbki 
by opening U» eook N, when the liquid bydrotistt ra«lr»d «»«t toim Ibn orito)#. But, wi 
leaving n apano where Ura preMurs wa« «|ua} k> HKS atWMpbsw#, and w^tniftf into rti«to4l 
wlUr nJr under tlie ordinary praasure, the hquid or fn»»»ffMlly omittrfUMwd hyt!rt^«« 
expanded, began to boll, abwrbid ttiU more hi»t, and b«c**iie wtill ecdiW. In tbdnf m 
ft portion of till) liquid hydrogen, aowmling to IHetol, |p«»di Into a swdkl etoto, «wl did 
net Ml In drop# Into a vessel plwod under U» outlet H, b«t «a at a»4id matter, 
wbbh «trnek ftgalngt’the aidoe of the ve«»«l like »but and limwmlktoly v«{>ori^L‘. 
Thus, dthottgh E wm bnpowibln to w» and ki»p th« liq«mft»d bydn-<»n, atill it wm 
elear that it pas^ uol only tolo a liquid, but nlw Into a Wkl rtato. Btotet to hl» ex* 
perbaento ebbataed atotr |aii»# wbieU had boI pn»vit«4| bw*i llqiiwfleit. e»t»B®l#Jty «syg«« 
wsd altropn, la allqaid Md aolUi atoto, Wipp«»^ ttial ^uid nml #»4id hydriJ^wn 

Um ^ prop^lM dt ft ttitol, Ito bm, 

4t toft «Ma* tfm« (W?l) m Etotot wa« wwktoi on lb» llquefaellpn of gmm Ih 
Swttawlwad, Oftflletob to Swi#, wm oeuupWi «i toe wm» wibl««t, wd bl« r»«dtok 
ftltoongb ttot to offlovtaetof as PletePs, ittU toowsd ttoit to« TOk|«*i*y *4 gawwi, ptwvlottaly 
«u41q«efltd, were Oftpabte of pwelai teto a liquid atato, CaUtotol iublfteted gmm to tt 
pre*Bttf@ of mvkM baadrei fctootpbtrea to namw totok-vMtod gk* luW* {^. i»| i bf 
then cooled toe oompr@M«d gas as far m psaibte by wmittodtog it with a fwering wis" 
tar®! ft «ek was toen rapidly op«a#d ter to« «ltot of »wewy fnim lb» tulm 
toe gft», wbito eoneequently rapidly and vlfapoualy 9Rii» rapW «s«|»iw44f»a ^ 

toe gftt would ptoduoe great odd, jutl aa Uw rai^ wmpr^to of a beat and 

oftueee a rise to tompemture. This wld wm f^asdl at to» «rpt»« of tb« f m Itetdf, 
lor to rapidly ^tj^dtog ite partieto# we^ not aW« to altaoto bwA tew ttoi walto td ton 
tube, and to cooling a portion of toe tspaadinf ga# wan tnuMtonorf Into Ikjnld. Tbto 
|V68 seen from the formation of cloud'llke dro]^ like a whtob wnAiiirf to# ga# 
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deposits liquid water in the form of a fog, hydrogen in expanding* 
forms a fog, 'thus indicating ite passage into a liquid state. But ds yet 
it has been impossible to preserve this liquid, even for a short timei, 
to determine its properties, notwithstanding the employment of a, tem¬ 
perature of —200® and a pressure of 200 atmospheres,®® although by 

opaque. Thus CaiUotet iirovod tho posBibility of tholiquofaotiop; o£ gasoB, but ho did not. 
iaokto tho liquids. Tho mothod of Oaillotot allows tho paasago of gases ihto li^uida. 
being ohsorvod with greater faoility and shnplioity than Pictet’s method, which xoquiroB 
a very oomplioatod and oxponsivo apparatus. 

Tho methods of Piotot and OaiUetfit were alterworaa ‘improved by OlazewaW, 
Wroblowaki, Dewar, end qthers. In'order to obtain a still lower temperature they em¬ 
ployed, instead of oorbonio aoid gas,’liquid qthylene or nitro* 
bn and oxygon, whose evaporation at low pressures pro> 
uoes a much lower temperature (to -200°). They also 
improved on the methods 6f determining suclr low tom- 
qioraturoB, but the methods wero not ossontioUy oltorod; 
they obtained nitrogen and oxygen in a Uquld, and nitrogen 
oven in a solid, state, but no one has yet suooooded in seeing 
hydrogen in a liquid form. 

Tho moat illustrativo and instmotivo results (because 
they gave tho poBsibility’ of maintaining a very low tom- 
poraturo and tho liquoilod gas, even air, for a length of 
time) wore obtained in rooouit yoars by Prof. Dov^ar in tbo 
Royal Institution of Loudon, wlrioh is gloriflod by tho names 
of Davy, Faraday, and Tyndall. Dowar, with tho aid of 
powerful pumps, obtained many kilograms of oxygon and 
abr (tho boiling point under tho atinosphorio prossuro 
® —190°) in a liquid state and kept tliora in this state for 
a longth of time by moons of open glass vossols with 
doublo walls, having a vacuum between thorn, which pre¬ 
vented tho rapid Ironsforonoo of boat, and so gave tho pos¬ 
sibility of maintaining very low t6nip®m.ture8 inside tho 
vessel for a long period of timo, Tho llquofiod oxygon or 
sir oon be poured from one vessel into another and used 
lor any investigations. Thus ’in Jane 180^, Prof. Doww 
showed that at the low temperature prodnoed .by Uquld 
oxygon many substanoos beoome phospboresoent (become 
self-luminous; for iustanoe, oxygon on passing into a 
vacuum) and fluorosco (omit light after being illuminated; 
for .instauco, paraffin, gluo, &c.) much more powerfully than 
at tlio ordinary toiuponituro ; also that solUls then groivlly alter in their tnodianicoJ pro- 
portlos, &o. I hud tho opportunity (1804) at Prof. Dowor's of seeing many such oxpori- 
monts in which ojion vossols containing pounds of liquid oxygon woro omployod, and In 
following tho progress mtwlo in rosoarchoa conduotod at low tomporaturos, it is my firm 
Impression that Uio study of many phenomena at low toniporaturoa should widen tho 
hbrison of natural aolenoe m much as the investigation of pbonomona made at tho 
highest temperatures atlalned fn tho voltaic aro. 

The investigations of 8. ‘W^roblowski in Cracow givo reason to believe that Plolot 
oould not luivo obtainod liquid hydrogen in tho interior of his apparatus, and that if bo 
did obtain it, it oould only havo boon at tho moment of its outrush due to tlio fall In 
temperaturo following its sudden oxpanaiun. Piotel caloulated Utat he obtained a tem- 
poratoro of -140", but in reality it hardly fell below -190°, judging from tho latest 
data for,the vaporisation of oorbonio onhydiidi under lew pressure. The difl^ronoo 
lies in the method of determining low temperatures. Judging from other properties ol 



Xto. S5.—OalUetet's apparatus 
for liquefying gum. 
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these moans the gases oJ the fttmosphoro umy bo kept In a liquid state 
for a long time. This is duo to tho fact that tho ubaoluto boiling point 
of hydrogen Hob lower than that of all otln'r known gaaoa, which also 
dopontls on the oxtromo lightneas of hydrogen.^* 

hyarogen (me Note 84), oiw would Uuak Umt it« uliwihttM iHiilitig jHiiut lit'w ter b»low 
and even —140'* (acoording to Uw eahnjUtion i*t Samiu, im ilm Imwia ttf Ha wnn* 
proMibllily, at -174**). But «v«n at -atMl" (if Uif nudluKte of d«>k.rtimutiK atwh l.iw 
temporatuMB bo earrool) hydrogen dwa not givo a liquid mvod ondwr a {.rrBNuw ««f wovenU 
humlml ateumphorttB. Hnwovor.on oxiianHiou a fog isforniwl «»ul a liquid «tt«4n«l, 
bub tho liquid tlotiM not Kijiarato. 

After till' idea of tho idmnhite teimvorAturt* of tdiHlliUoii (te, Note 'JW) hiul Imon 
world'd out (ftbout IHYO), o»d its tiuUHW'tioii vrilh the de¥»at(«m« fr«*m Mariotte’o tew 
h(u\ booomo ovidont, and eniMH-ially after tli« liiiupte< iion of j,»r»ia»»eiit guuaral 

attention was turned te tho devoUqiment «f U»« funttenioniaJ r,uw«pui»ti« of the gM«ni« 
and liquid slate* of matter, thime invealigakirs iHiwted llmir ewergwa to the furUwr 
study of vaiKittw (for instenM, Eamaay and YoiingS, gasea (Amimall, awl bqohte 
(ZoanelitffHlfy, NodewhAin, and otlwra), eijwially te hquida near It' wsd /•pj «lh»M 
(Konuvaloff and De Item) mdoavtmml to diwiivar Iha r»tetit*« IwlweuH li»|uida nwler 
oi*diiiary eonditiona (wmuvwl from te and pe) and gas#*, whilst a third rlto» of Inveatl* 
p,lo» (van dw Waalti, Cteurfua, and «U»r«), atertmg fr»<m Die aei»er*51y-t«;*^pted 
.principles of tho meehtmiMd theory of heat and the hiuBlio lh««ry of *««! 
in gaws ^8 WEkteiftWi of tho«« fureM whfch eiaiAinly anl m liqtwte, ttedwwd th# 
oouneeUon belweta the proprtlM of a«e and th» olbw. li would te wit r»f jdwjo fn 
on elemenkary bo»dbook litei the pfeamt to enanetete iha wb«4e m«s« nf lattuduaioMi 
ttsrlved efi by tW# metboi, bat it i« w#U to ilf» an iitea <4 th« renuUa of v« tter 
Wool#' ©mridimMoa#, for (b«y tsplaiB lb* ftr»dwi.l anlnterreptel fmin a UqoM 

Into a ganeoBS «tate la the Biaipleat m«m«, aad, aJlbmisb lb* dedtudaw «m»«l be 
eonaldwed oa oomplete and deelalvt {m Note M), navwilwlisw it juffwirataa m dtmply 
late the Maenoe of 'thematter that it* rifniflwUoti i« wAnmJi r»fl«elwl in a gmsat tuuultar 
of pbyaiwJi ImrwtlgaUona, hat alao in tl» of rtewlatry, where ijwt*rtc»# of the 

pftsaoge of (abstenoM from a p»«>a« te a liquid »tete ar« w iwtmwn, awl wbore the 
very pro^aiee of diaweiaUan, deoompoaltksn, and cembinaton waal W s.lentitttMl with a 
change ol pbyaleal itate of the parWelj^tei wbstewe^, »bteb be# 1 »*»m aktemted by 
Oibba, Lavenig, and other#. 

For a fflven quantUy (walglil, ma«#) o/u. dvfinlt^ It# ikte k espwa^ed 

by three variable#—volame », preaaur* {ek»ycity, p, and to«»{*eraittr« i. 

Although the «owpr#«»iblUty—[l,e., d(v) hUp)]^t4 IkiuWe i® wnail, «ldl ills rWrly es* 
pressed, and variea not only with Uw naturu of Ifenifei# bat alwi with ihetr |i<re»««ro and 
tmperatare (at fe the oomprtwibUlty of liqaidi ia wry eonHblvKbk). AUbmtgIt fiw»% 
ftoe^ing te Mftriotte*# law, witb waui^ varirtlw* of pwi*w»,«» Bnibsfwiy i»»bi|»«« 4, 
aeverthdeia the d«p«ai»«l of ® « I wsd ^ k wry #o«,j»k«. Thi* ali» 

appUe* te the eaeffirteat of wtpwtoB [m^v] liH% m ilp) !4Wi »bbb «l*» vart#« with 
I 'Wftd Pi tjolH Iwr fast* (wf Nate Mb sad fmr llqaMs (rt U It k wry «»»fi«4<letmbk, and 
often KKOeedtt lhat of pew, 0*00187). H«»w, Um ^miUn ef mmdiliam mu«t inrlwle 
ttew variabtee, ‘t| p, and f. F« a »*«Jl«d |^«el CWWI fua, m far lnw««»it«»f«bl# 
variation# of denrii^, teeeleiMttteii +«tl),«r|»p«» ft (ifl t f| «bwil4 

bo aooepted, wber* B {# a eomtent vatytef with tbi m*i» and «»f a g**, m 
o*p»eB8tag tbi# aop«iaww,bmow It hadndoi In ilwM tee kwi of tkf.I^awe and 
Bl^otte, for atr a oongtwat prmsain tb* voliime vnriw preptMrtfwJly i«» i r •#. and wbwn 
I is oonetant Ibo product of fa i# eeeBlaat. In (to farm Ae eaanlfew wny bp 

ospreiMedthruii 

where I* denotes what It termed the abwlate temp«»tw^ er tee wAtewy fewapwatei# 

1878 -that id, T«.<+a78. 
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Although a substance which passes with ix f x 

Mquid state by the action of P*>y“<»>-“«ol>anioBl‘foroeafhyro^“o8M 

Starting from the eupposition of tho oxlstenoo of an attrnxifir>„ • x 
(expresBoa by a) proportional to tho square of tho density for pressuro 

the .quare cl tao vol«™), .ofl c( the exletaoe ot a Teal P'W'dc-l If 

of path (oxpreBBod by 6) for each gasoouH molooulo, van der Wools 
following more oomplox oquation of emdition!- 

(p + "j) (r-tli-l + O'OOBOyf; 

If at 0" undor a proBouro jp -1 (for example, under the atmospheric pressure! tlie volnma 
(for insUnoo,a litre) of a gas or vapour be talceu as 1, and therefore v and 6 he exnrea^S 
by Uio same units aap and a. The deviations from both the laws of Mariotte and gTv 
Lusboo are expressed by the above equation. Thus, for hydrogen a must ha t t 
Infinitely snmU, and 6-O'OOOi), Judging by the data for 1,000 and 2,600 metres nre^ml 
(Note 28). For other permanent gases, for which (Note 28) I showed (about 1870) from 
Regnanlt’s and Natterer's data, a deeromont of pv, followed by an inoroment which w«m 
confirmed (about 1800) by fresh determinations made by Amagat, this phenomena may 
be expressed in definite magnitudes of a and b (although van der Waals’ formula is nob 
applicable in tho ease of very small pressures) with suCaoiont aoouraoy for oontemporarv 
roqulromonts. It is evident that van dor Waals’ formula dan also express tho difierence 
of tho ooomolontB of expanalon of gases with a change of pressure, and according to the 
methods of dotonulnalion (Note UO). Besides this, van der Waals’ formula shows that 

at tomperaturoB above 978 - l) only one actual volume (gaseous) is possible, 

wliUst at lower tomporaturos, by varying tho pressure, throe different volumes—liquid 
gaseous, and partly liquid, poi-tly saturatod-vaporous—are possible. It is evident that 

(lie above tempomturo Is Uve absolute boiling point-—that is (<c)««278 f — iV it k 

'37o / 

found under the condition tlmt all Utreo possible volumes (the three roots of van der 
Wnnls' oubio oquation) are then similar and equal (vc‘^Bb). The pressure in this case 

(jjo) ® ^ 4 . Those ratios botweon the oonslftnls a and b and the conditions of critical 

«fafe-Hi.«. (fo) and (po)—gii”® the possibility of determining tho one magnitude from tho 
ether. Thus for ether (Note 90), {<c)«-108®, (<p)>»40, hence a = 0‘0807, 6=0'00688, and 
(«e)» 0*010. That mass of ether which at a prosswe of one atmosphere at 0° occupies 
on© volume—for Inetanoe, a llti*©—oeonples, aooording to th© above-mentioned condition, 
(his eritloal volume. And as tbi density of the vapour of ether compared with hydiogen 
«»87, and a litre of hydrogen at 0® and under tho ntmosiihorio pressure weighs 0*0890 
gram, then a litre of other vapour weighs 8*89 grams} therefore, in a critical state (at 
198" and 40 almoBphnre«) 8*89 grams occupy 0*010 litre, or 10 c.o.; therefore 1 gram 
oocupioH a volume ot about 6 o.c., and tho weight of 1 0 . 0 . of ether will then be 0*21. 
Aooording to the InveatigalionB of Ramsay and Young (1887), the critical vol*Umeof etlier 
was approximately sucih at about the absolute boiling point, but tho compressibility of 
the liquid is an great that tho flllghtest oliango of proBsuro or temperature has a consider¬ 
able effcot on tho volume But tlv® invesUgallonB of tho above savants gave another 
Indirect demonstration of tho truth of van dor Wnals’ oquation. They also found for 
©thor that the {sochords, or the lines of equal vohimoa (if both t and jp vary), are generally 
atraight linos. Thus Um volume of 10 ©.c. for 1 gram of ether corresponds with pressures 
(expressed In metros ot moveurj*) o<iual’ U> 0*18Bf™8’8 (for example, at 180° the pressure- 
fil nwtreB, mid at 9Ht)° it"84*5 metre#). Tho rectilinear form of the isochord(when e-a 
ooaatant quantity) is a direct result of van dor Waal*’ formula. 

When, in I demoimtratod that the speoiflo gi*avity of liquids decreases fn pro* 
|)Of(ioii to Ih© iriBOoI teraparator© [Bi—B*,-Kf or 8|®»8o (1—K()], or that the voltbuet 
faMrcaa© ha Inverse proportion (0 (he binomial I— BLf, (hat is, Vi—Vo (I—where B 
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Its gaseous stafco (that is, its olaatioity, or tho physical energy of its 
bolooulos, or their rapid progrossivo motion) with oomi«,mtive ease 
under tho influouco of oheraical attractions® which is not only shown 
from tho fact that hydrogen and oxygon (two permanent pje«) form 
liquid water, hub also froip many phenomena of tlio abiwrptioa of 
hydrogen. 

Hydrogen is vigorously condensed hy certain solids ; far osample, 
by charcoal and by Spongy platinum. If a pioco of froihly ignited 
charcoal bo intrcKlucod into a cylinder full of hydrogen istanding in a 
mercury bath, tlmn tho oharcoiil absorbs m much m twice its volume 
of hydrogen. Bpongy platinum condonutM still more hydnigtm. But 
jpalladium, ft grey metal which ocouri with plathmni, id«orba more 
hydrogen than any other metal. Graham ihowod that whon heated to 
ft red heat and oooled !n an litmosphor® of hydrogen, jmlladium retoini 
fts much as COO volumes of hydrogen. Wlien unco abnarlK^d It n^talns 

Is IU« mcKlulus of MtpftMlofii wWoh variei with Ihn of iha in f«tneir«J, 

not only ilo«» e. cwufl'toWoa wrl» hetw««« g»*« mA Uijotk with to m of 

tclwas, bat ftlw it would appw p^ilbl#, by applylof van «ier WmA»' f.trmuk, bi 
ttom tho ph«nom«n» ^ tho *icpa«(rt«9 ©f liquid^ m to their tnia»llt«»n mm vrikw, mA 
♦o ooimwt tow^«r ikU th« pA&elpil of h«nw«K whioh »m t« Ud# tiw« had 

net b««n oWttdMtd to bo to dirtol Thu« Tt»nf|>« and IlUc.knr bioml that 

<l(fe)+aTSwl/lK, whore K ia the medolai ef «ri«t«h«i In ih*» iWvo-menliwiwd formeJn, 
Pw esMople, ttio espoatioa af tth« i# erpwlwi with *ke«r»y from a* I© IW 

by the equaUen fl,wO*?W (l«C*OOll4h, or V|»X wb«r*i MWisi is tlw 

«£iodolo> of ftjtpaaden, and thewfere (fr) »!*#", or by 4irwl «4w«rif*i,tl<«t i«a-\ P.mt 
eilloon tetpobltwlde, SlOh, the merlal»« OWIM, f»w wb»«»e« mA 

hy experiment S90«. On the ettsw hand, D. 1*. loMovmloff, lulwitUtNS ih^t ifw »sn»mai 
■pmewte ^ In Uqold# i» Inrignifteant when eawnw^wJ with ih* intortwd f*i in d« 
Wwle’ fotmulii), and that Uj# wwk to Wto eimanrfwi of ibinkb k {«»th«br 

iemperatvire (u In dltneUy drfawdi mwn rm d**r WMi»‘ birtwnli., the »lw¥#. 
mentionedformnlAfor Wjo p|^a*l»ef U^aWi, w«l »lw iIm* tiwfnitel# 

of the ktont heat of evapcMralion, eobenlon, wd wwprwWbtlily |>r»*a«r«. In 
my van der Weeds* femnk wabraoM lb« mwott#, erfUml, mA hfunl xintm ef eub. 
•tonew, lad ahowa the eonaeeUow 1 »Iw#«b tbwi. 6a tti» aiwBat, »atlK»u«b wa d«r 
Wadi' formica ewaortt wariderid m pwfi^y |«a*wJ m 4 yei ii ta nt»t way 

very maeh mare wet Ihw |if»jiT, bat it k.eli® !»«« b*w»B»« II 

apMie both to andUipdl*. farrowteewerdbiwUI sftt« a c!4i*«r i*n»*lmlty 

to wttHi, Wtd Vfift riiow ttM MmMUoa belwew mA Hw et»»»i4ate {» aad I) j 

WftfteiteeSeatttoi^fopiii k »#« to ttOi farm df to« •.larti** ©f aUto. 

0attltoe 0® IM0)» tatof into ^wfidwattea. the vwrttilltf c4 ei to vm 4er WmJ.# 
lormuto, wittt Ihe t^^peratewi) pw tt» fdaowlng ©f .^i4iii<w ?— 

Swrfau apphed tola fOmtoa to Aaapt's dato for hydr^fen, aad f<«a4 « m 
e m —O'hOOiS, h •> h'OOOfib, and towetere wdotoatod ito a^toiali taltof polal«» »• If 4 *, oad* 
<yo) *90 ataaoi^erea. Bat aa atiaflar MdooktloM for mygm (- IM**!, 
itod marA gae (*-76) pve to Uiherthea It atoidate SWIm peitti hffd». 

gen muat lie beW -174®. 

8f This and a namber of atorilar oom eJwriy ebow how pmt tlw tol«»&l 

dheuiool toroea oompared with phyttlMd wed aseobuM tmm. 
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tihie hydrogen at the ordinary temperature, and only parts with it when 
heated to a rod heat.^° This capacity of certain dense metals for the 
absorption of hydrogen explains the property of hydrogen of passing 
through metallic tubes.®^ It is termed oocluswn, and presents a 
similar phenomenon to solution j it is based on the capacity of metals 
of forming unstable easily dissociating compounds®® with hydrogen, 
similar to those which salts form with water. 

4-t the ordinary temperature hydrogen very feebly and rarely enters 

BO The property of poUadiura of absorbing hydrogen, of increasing in voloms in 
BO doing, umy bo easily demonstrated by taking a sheet of poUadiam varnished on one 
side, and using i|^ as a cathode. The hydrogen which is evolved by the action of the 
current is retained by the unvarnlslied surface, as a oousoquenoo of which the shoot oorla 
up. By attaching a pointer (for instance, a quill) to the end of the sheet this bonding 
ofteot is rendered str&ingly evident, and on reversing the current (when oxygon will bo 
evolved and combine with the absorbed hydrogen, forming water) it may bo shown that 
on losing the hydrogen the palladium regains its original form. 

Dovillo disoovorod that iron and platinum become pervious to hydrogen at a red 
heat. lie spoaksof this in the following terms I-—' The permeability of such homogonoous 
QuhsUincoH as platinum and iron Is quite dilluroiit from tlio passage of gases through 
such non-oompact Bubstanoos as clay and graphite. The permeability of metals depends 
on their oxpansiuu, brought about by Uoul, and pruvoa tliut metals and aUuys have a 
certain porosity.’ However, Graham proved that it is only hydrogen which is capable of 
passiug through the abovo-iiamod metals in this inamior. Oxygon, nitrogen, ammonia, 
and many other gases, only pass through in extremely minute quantities. Graham 
showed that at a rod heat about 500 o.o. of hydrogen pass per minuto through a surface 
of one square metro of platinum min. thiok; but that with other gosos the amount 
transmitted is hardly porooptiblo. Indionibbor has the same oapaoity for allowing the 
transforenoe of hydrogen through its substanoe («»fl Chapter HI.), but at the ordinary 
tomporaturo one square metro, O'Old mm. thiok, transmits only 127 o.o. of hydrogen per 
minute. In the experiment on the dooompoBltion of water by heat in porous tubes, the 
clay tuba may be oxohanged for a platinum one witli advantage. Graham showed that 
by plooing a platinum tab's containing hydrogen under these oonditions, ondi surrotmding 
it by a tube eontalnlng air, the transference of the hydrogen may be observed by the 
deerease of pressure in the platinum tu^. In one hour almost all the hydrogen (97 p.o.) 
had passedi from the tube, without being raplooed by air. It is evident tlvat the occlusion 
and passage of hydrogen through raotals capable of oooluding it are not only intimately 
oounoetod tngoUior, but aro dopondoiit on the capacity of molals to form oompounds of 
various dcigroim of stability with hydrogen—liko salts with water. 

It appeared on furtliov invoutigatiem that palladium gives a definite compound, 
Pdall («o« furthor) witli hyclrogou ; but what was most iiistruotivo was tho invostigation 
of sodium hydride, Noall, which oloiwly showed that tho origin and properties of such 
oompounds are in ontiro tuivunlanfo with tho eimooptious of diasooiation. 

Since hydrogem la a gas which is tliniouH to eondonst», it is little soluhlo in water snd 
ether liquids. At 0“ a hundred volumes of water diswolvo I'O voluino of hydrogen, and 
alooUol O'O volumes lueasurotl at 0‘> and 7(10 mm. Molten irfin absorbs hydrogen, but in 
Bolltlifying, it expels it. Tlu> BoluUon of byilrogon by motals is to a oertab degree 
bascnl on its affinity fur inotals, and must ho hkontul to tho solution of metals in mercury 
and to tho formation of alloys. In its chomical proiierties hydrogen, a« w© slioU se® 
IfttM, has much of a motallio chiuraotor. I'iutot (les Note 01) oven aftnas that liquid 
hydrogen has molallio iiroiHsrtios. Tlio motallio properties of hydrogen are also ©vinBed 
in the foot that it is a goo<l oonduotor of heat, wbidh is not the oos© with other gases 
(Magnus). 
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Into ehotnioal motion. Th© oapAcity of gMooni hydrogen for moUoa 
booojnpiOs evident only under a change of droumstonow—by compimlon, 
heating, or the aotion of light, or at the moment of Its evolution. 
However, under tha© oiroumitanoes it c^mUmt directly with only a 
very few of the elements. Hydrogen eornMnw direoUy with oxygen, 
sulphur, oarbon, potas^ura, and certain other dementi, but it d(m 
not combine dire^y with Mther fch® majority <>! the metak or with 
nitrogen, phosphorus, &o. Compounds of hydrogen with oortala 
elements on wluoli it does not not directly are, however, known j they 
aro not obtained by a direct method, hut by rracthmi of dtwompoti. 
tion, or of doublo decomposition, of other hydrogen eotn|Kmn{k, Tho 
property of hydrogen of combining with oxygen at a m\ heat deter- 
minw iti combuiMblllfcy, Wo have alrwly M«n timt hydrogen Ottsfly 
tehtw firo, wd tlmt it ^©n bumi with a paIo~that is, non*luminous— 
dame.*® Hydropn doot not combine with tho oxygen of the atrao. 
inhere at tiiio orehnwry ttmimrature j but thli combination takes plae© 
at a rod hftafc,^® and to wooTO|mni«l by the ©volotiwik of much hwt. 
The product of tWi oombinatlon it water—that to, a e<impoond of 
oxygm wad hydir^tt, TUi to Iht »^ntheA </ mtimr, and wo have 
alr^y noWetd ite awdyili or deoompo«ltion into iti wimpanent parti. 
ITho i^thirii of vmter may ba veity wwily ol»irvi«l if a. r»4d bell 
Jw bo pkoed over a buml^ hydrt^n flame, and, l»tt«r itill, if th© 
hydrogen fleume b« lighted In th© tuba of a 0 t>nde»r. 'Hi© water will 
oondenw ha dropi as it to form^ on the walk of th© amdewicr and 
triokl© down.^* 


It It ba cWwl to obkla a Mirfwsily hy^toefin iiijns, it Bm*l from 

a pMltium n€«l#, M the glM« wS of a gsMsewltteOHi twjMiti a |ellnw tl«t to tJw 
flm©, owing to IH» ptmmm of weiinm In Uw g!w«. 

«9 Lit M ImfcflM that» atrmm of hfin-^m !*««.• afanf i m, 4 let m tmuidtr 

iMA» &!« Btwfcm taW pvwil pjfto, «wl tnm llw s*rJi»» »4 tt» 

kw, t»,k»i^kl te a * 1 ^ of in wJiwb 

a ww,m»i«! Wi ii 

ivdve4tok*ipBkl»»Mte^ t«rttrf 

-.^rnm ‘fcm «l« »«, wrf, wh*a mm Igalirf, tim w 

^ a eeiitteMl mp^ ef fl, If tha la wtok ii 

Was hi w^MeA ted Mlabi 

^ aoatem. H a pm f •»««» b» tewm Into » mmMukm n Sd«to « 
(ihtt watw kyAi»|^ wW* m$f b« %ktod, Tk» of ^law im^mu 

a yeUw tot to the » p^tm b# fc hfimmm lm»4» k*u g*»« »pm^ 

Wave Wt ta wdwA la to, fe, ipj^, ^ ^ 

r**’ ^ toi polwliw. a mrnm in rnmm w* m t« w^L. tot« 

to m ttfiia, tt wm wlw mow tort, mA tto 1^4»^ wM ito„ rt»8 barrt tels 
nm exporttoatomwit to wtkA m wi& ew««,totwto ito •ad. * 
mrta of sodlnm Wto (Note 8) l» pwaaoed, m 4 Ifwf i^tf i fa tow*f«» 
the vesMl la wliiob the experimeat is Mnitd otu 
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Light does nob aid the combination of hydrogen and oxygen, so 
that a mixture of these two gases does not change when expos^ to the 
action of light; but an electric spark acts just like o flame, and this is 
taken advantage of for inflaming a mixture of oxygen and hydrogen, or 
^detonating gas, inside a vessel, as will be explained Sn the following 
chapters. As hydrogen (and oxygen also) is condensed by epongy 
platinum, by which a rise of temperature ensues, and as platinum acts 
by contact (Introduction), therefore hydrogen also combines with 
vxygen, under the influence of platinum, as Dhberainer showed. If 
spongy platinum be thrown into a mixture of hydrogen and oxygen, 
an explosion takes place. If a mixture of the gases be passed over 
.spongy platinum, combination also ensues, and the platinum becomes 
red-hot.'*® 

Although gaseous hydrogen does not act directly*® on many sub¬ 
stances, yet in a nascent state reaction often takes place. Thus, for 
instance, Svater on which sodium amalgam is acting contains hydrogen 
in a nascent state. The hydrogen is here evolved from a liquid^ 
and' o-t the first moment of its formation must be in a condensed 

ThJa property of spongy platinum Is made uso of lu tlio eo-oailod hydrogen olgcur- 
Ughter. It oonslats of a glass oylindor or beakor, ineido which thoro is a emalUeOid stand 
(which is not turtod on by sulphuric acid), on which o. piece of sine Is laid. Tlja zino la 
covered by a bell, which is open at the bottom and funoishod with a cock at the top. 
Sulphuric acid is poured into the space between tbo beU and the sides of tho outer glass 
<!yUnder, and will thus oomprofis tho gas in tho bell, If tho oooh of Hho oyUnder bo 
6peuod tho gas will osoapo by it, ondi will bo reploood by the odd, which, ooming intd 
oontoot with tho dno, otoItos hydrogen, and it will osoapo thrdugb the oook. If the 
cook be closed, then' the hydrogen evolved will inorooso wu pressaro of the gas in tlW 
'bell, and thus again force tho odd into the space between fiio beU and the w^s of the 
outer cylinder. Thus the action of tho add on tho slno may be stopped or etorted at 
wiU by opening or shutting the oook, and oonsequently a s^am of hydrogen may be 
edwaye turned on. Now, U a piece of epongy platiunm be placed in this etreom, the 
hydrogen win take light, beoanse the epongy platinum beoomes hot in condenking the 
hydrogen and IniUunos it. Tim considerable rise in temperature of the platinum depends, 
among other things, on tho foot that tho hydxogon oondonsod in its pores oomos into 
contact with previously absorbed auil oondonsod alraosphorio oxygon, with wWoh hydro» 
gon coiiibinoH with groat facility in this form. In this manner the hydrogen oigar-lightor 
gives a strciaru of burning hydrogen when llio cock is open. In order that it should work 
regularly it is ncoossary lliat Ihu spongy platinum should ho quite clean, and it is host 
enveloped in a thin bIiooI of platinum foil, whidi iffotoots it from dust. In any caeo, 
after some tinm it will bo ntioossary to clean tho platinum, whidi may bo easily done by 
boiling it in nitric acid, which does not dissolve Uio platinum, but clears it of all dirt. 
This imporfoolion lm» given rise to ecvond olbor forms, In which an olootrio spark is 
made to pass before tho oriftee from whi-eh the hydrogen o«cax«iB. This is arranged in 
such ft rnaimor tliat the zinc of a galvanic elonient is iinmcrsod whtm tho oook Is turned, 
cr a MHiidl coil giving a sjuirlc ia put into clrtndl on tuniing tho hydrogen on. 

Under foiahtintjs Miinilar to those in wliioK hydrogen combines with oxygon it 1% 
also capable of uomhiniog wtUi oldorinu. A mixture of hydrogen (uad ddorins explodes 
on Uhs {iftHsago of an electric ujiark Uirough It, or on contact with on Inoandesc^t 8ub- 
ttUnoe, and also in tho presouoe of sj^ngy platinum i but,heaidss Uiio, the action of li^t 
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fitoto,'** In this condition It Is Oftp^-bla of meting on. tub«tano« on 
which it does not act In a gtt»ou« itato.^^ Itmotions of mbstitutiem 
or diapkoamont of inotalH by hydrogen at tlu» momont of ite formation 
ar© particularly nurooroui,^® 

Mfttala, a« wo ahall aftorward® rm\ are in many mmm ablo tf> replao® 
each other ; th^ idto, and In torn© ««« still mom ©wily, ropkw and 
aro replaced by hydrogen. We have already mm mmnplm of thw in 
tbo formation of hydrogen from wator, aulphurio acid, &n. In all thtio 

aitmtt li {inf>a«li ttnng ttk'Ut tlie> «Hijnl.*iwOfu r( wsd eWjirto#. I* a 

of tMjual vtiluim'K Ilf hyilrugi’U «i»il ti’ to Ifw of wm* 

pldto wmlunatiiio mpully oimiu-a, ty « r«n«irt- HyiU-ogoo «!«« mil oumltiaa 

fllr#etly wilh onrUoo, iiiliwr al U)« onijna-rjr nr ty llw wl4o« t4 hoal 

pwSBUre. But if an eWlrio purrnnl to Ihrmiiih mtUm elwircMW tt% a ftitrirt 

totawfitJ frow awb «lb«r in Ut» ultH'tro' lnulu t>r idtsir »fc|, fc* b* U> fofin ww i»jw>lrk» 
inrp In wWob the |mrtielB« of ottfltwi nr« r#rto«l from sttm {...fw i<« tlw thon, in 
totoaiw Irftftt to whidr tto eajrkm i# »wf»jipeU!«l m ih»« r#ws. il r» «•! 

with hydrw$fen. A g«.« of m»* 4I ridllwl «*i!8y!«», fa Utm f««rw*di tnm 

ewfbtm aiul Jiyslrngoii. 

^ 'Xbftw S» anoUrtr wpkimlkm of B» fwiUity »fU» wfurh nmU It* a nte'imf 

ttlato. W« tbaU attopwarfa l«wm Art *.( I»y4ri-««i» eimtetoa t»o rtr«««, li* 

brt Ibtr* a» An of whit4i only oontoui «»n» itlotM- for IosIwm, 

Kittiwwfy. mmy rmtUm of ty4stif*n \m »w«iwl«sA ty Br* 

WsrayMem d( Aat twd wWeH rnium b#lw##n ti» %hm» f««teili>f » wjlwjalo, Al A# 
K90ift«»t of wftJttMwj, tewtw, H l« i»pp«i«4 ife^l frw alcw!« |« At« ftolwffiksi, 

ikooofditti to Aa hyptherfa, art warfa-toftby. Thin l« rw4 W«4 )»)[«»fwAa, 

Ae id§a A*l hydr^wj l« wwdiwwd »l Ae r»f ii« wolntom I* sm*r«i oalswml, 

and fain awordmoewfA fwtfHoto WI Art«»»ipfes«s4 hydri»»»»«l»»fof*o»a plkdiaMi 
(Mad adw (Bminw, B«krtofr)--Aal ia, un* m. »l lH» mowwnl t»l fl» WaRwUsm 

«>'1* Th«re l« a (f^ry Iwttmato and •vjrJtenl r«kl§oB Wlw»«, Uta |»hen«»mi»fm wHkdi 
tokt plaoK in At» «i*Hr»n at spwrgy td&ytmra wrd iHe |>hef¥»«»fcaa r»f lit* wllun i» a Bi»**»a4 
Btato. Tho wnatinaMan «( hydrofw wiA aJ*l»hy*t# may im l»k»n an AMk- 

Kjrde k a volatile liquid wiA an wowwlte toltfig al tV, mdutl* In wml*v, sad 
abwrbini! oxygr»n from Uio alnwidmre, snd 1« llria nertm wW ♦ -tfe« 

Kubstoee which l*t found in ordiuMj? viuwiw. If **4inw» awrtfmu W ttonwn Into m 
(MiH«o«s BolttUon of aW»b.3fdo, i\m «w*tor |wjrt »•{ A» Hydrf^#n *%-r4v>»tf mwWjwa w(A 
Aa ftldahydt, fwmlnn (Awfwl—a af«» wdutl*. in wakwr. wisksfa f«i»ft 

A* yrtiMf'ik of iJU ^toous U^vw, tatn rt 1«“, mA «mmm A» mm» wwrtml dl 
and o«pb« m ftWAfd#,brt wmm Tfw fwtawirtWtm «.f lOdAftfo to 

€A0» Art ot id^M 

« mem, tm an wd ^ mm to a «Ji of nUw, ^Iw I* 

bat W« m^b» «l^toito#d m a ifsaetl« trf A» »*♦». »wf f4 IW by*lwv« *» 
ttM 0 f Ito temstta®, Vhvm mk hmmm, *mm^ to 

la «i«M% fJWCTitaAtof Ab», f« tatoe*. rt A« mmm% <4 m t 4 b*.frttei 

mm mp mjtm hw fto ^pwnds wiA nfm^n If A»y hm itt •duito, na4 
oonverta An nlUiopn tete Ito ||#w «» hy^n^ 

« 6 toi(pak,mMlrtteffl^l 0 { A*dr «b«rtte», «d te Ata«irt#««iAn# 

It i« «»rid«rt fc»m Ato Art An telln pmow «M» trf hyiiRff*® t*«* A* tlmll «f Ai 

«M«gy. pravimMlttE^wAAif lrt«^«waM«««»«(4wtaAtlf«»%prt^ In «»# 

o«ie^iiAtowthn^byd*^wMAl*artAni««»««te.»«ii,,,«ll^ 

mnAmofOi^tte. Al A* innw^ of Art hart, w«A ^ 

****‘®®*^ to Ito «Oto«drt,M« MW to • 

(Mrte of atonto, and oan hMOrt ogl onmactii wIMwom. 














THE COMPOSITION OF WATER, HYDROGEN 


147 


cases the metals sodium, iron, or zinc displace the hydrogen which occurs 
in those compounds. Hydrogen may be displaced from many of its 
compounds by metals in exactly the same manner as it is displaced 
from water; so, for example, hydrochloric acid, which is formed 
dii’ectly by the combination of hydrogen with chlorine, gives hydrogen 
by the action of a groat many motals, just as sulphuric acid doos, 
Potassium and sodium also displace hydrogen from its compounds with 
nitrogen , it is only from its compounds with carbon that hydrogen is 
not displaced by motals. Hydrogen, in its turn, is able to replace 
motals; this is accomplished most easily on heating, and with those 
metals which do not themselves displace hydrogen. If hydrogen be 
passed over the compounds of many metals with oxygon at a rod heat, 
it takes up the oxygen from the metals and displacos thorn just 
as it is itself displaced by metals. If hydrogen bo passed over the 
compound of oxygen with copper at a rod heat, then metallic copper 
and water are obtained—Cu0 + Il9=n5|0 + Cu. This kind of doublQ 
decomposition is called reduction with respect to tho metal, which is 
thus reduced to a motallio state from its combination with oxygon. 
But it must bo rooollootcd tliat all inobala do not displace hydrogen 
from its compound with oxygon, and, conversely, hydrogen is not able 
to displace all motals from their compounds with oxygen ; thus it doos 
not displace potassium, calcium, or aluminium from its compounds 
with oxygon. If the motals bo arranged in tho following series i 
K, Na, Ga, A1 . , . . Fe, Zn, Hg .... Cu, Fb, Ag, An, then the 
first are able to take up oxygen from water—that is, displace hydrogen 
—whilst tho last do nob act thus, but are, on the contrary, reduced 
by l^drogen—that is, have, as is said, a less affinity for oxygen than 
hydrogen, whilst potassium, sodium, and calcium have more. This is 
also expressed by the amount of heat evolved in the act of combination 
with oxygon (ace Note 7), and is shown by the fact that potassium and ' 
sodium and other similar metals evolve heat in decomposing water; but 
copper, silver, and tho like do nob do this, booauao in combining with 
oxygon they evolve loss heat than hydrogen docs, and therefore it hap¬ 
pens that when hydrogen reduces those motals heat is evolved. Thusj 
for oxaraplo, if 16 grams of oxygon combine with copper, 38,000 units 
of heat are evolved j and when 10 grams of oxygon corahino with 
hydrogen, forming water, 69,000 units of heat are evolved ; whilst 23 
grams of sodium, in combining with 16 grams of oxygon, evolve 100,000 
units of heat. This example clearly shows that chemical reactions 
which procoticl directly and unaided evolve heat Sodium decomposes 
water and hydrogen reduces copper, because they are exot/imnal 
reactions, or those which evolve heat; copper does not decompose water^ 



beeaw woh a rmction would b« ftroiopftttied ^ m abiorptioa (or 
tooretion) of heat^ or Imlongi to ^ oUm of emkilknTml rww&o* io 
which hc^t m absorbed; and lueli rmetioas do mt goHerttHy fww«»l 
diwtJy, ailbott^j ihnf n»y tako pbco with tlio aid of eftor^ 

Old, <teo.) iKWTowed from Knao foroiga Kiarcf.” 

The rodootion of IrattiJi by hydrc^n k fcakeo idvantagts of fw 
deien^mng (k0 maet mmptmiim of vmtm‘ % w^ht. Co|»j«ir oxlcb h 
asoally cho®en for tbti putpcwo. It is htmttNi to rwlnt* In hydrogta, 
iknd the quMitity uf water thui fonufKi k d«termlt»h when the* qfoantity 
of {Myg«i whioh wm In it la found from tl» \vm nt wdiuhl dl th« 
oo^f <«ld'©. Tho wpp»r (aWo saott be we%h«l iauof^kti^ Wort 
iltir Wi© expwimint. The di®sr«»«o Aowt the weight of th* 
o^i^pa wMA tntef^ late «Jmpoil{fott d ^ water fonr^. la 
Jw^^r wdy wIMs l»w to be w®igh«i, h a wy gr^ gida 
ia »murmf d th© multi obtduiwi^^ Dfltaf w»d Htwllua (1819) 
wer© th© ftritto determift© th© compoiillaft dl by thk i^hod, 
Attd th^ found that ewaftoint 88*91 of cttypn mud 11*09 M 
by^bwfw in IW pwlal^ w^hl, m 8*W ymU of mf^n |w «a» pari 
of byif^iw. "Dumm (1842) lmproi?®d m tMi »®lhod,” aiidl ftmnd thah 


'•w -lawil iHiBSMrtMi Aikim «4 rtHwttea# m IW# iwi^r tm wwwmsirf; la 
•Natw T, 9, sad 11, H »wil ht lh« seltai df liwi m tm w*4»f U 

slhto> BBllh«rw«lk» OflC+ft'wOa+I^P fatiw»lf#¥«iWta} iJtm 4ii«»tw« toetwnwa 
tim d! sflW^ Is T«y pmi In IW« ib«iwfc#^ •» to *# b st 

Imewiai, m Us^ir^Wi 1# lHwsted efwa to tb« ^vmtm- rtf m l«^ mtm» «4 mUm. 1% 1^ 
%» bs (wUm mmstoA, tom water to «i«4W<»« ef to d w*tof. w-^piw to 

»ot «d#»a hy bewM to «m d e^ppw to wdw^d hy ft» U a 

4sSnito MWWB-I d s «teWi sad sriWl ^ tate» sad iWr ^ «nWl « i« s ekwdi 

Bj^», ttita to «vdoU«ii at hfte^r wtU »»»», wl»«» Ito tol »! wWdm 

aoa^jreassfl hy^ieogm d!^pl8«»« to mstot. Th» itwalt #p8»«to to miwm e4 to 
JMsW Mfl to stip»«f«» »f to «dttlir« df Tfcwimm Cf»il ivmA tofe 

towWa stoM In to Mkwlttg tutor In W|»j 4 to Hite to** <4 htdrwa s— 

flW* telAWtasito b« »nM w ts m sppwito Mks to* te 

Bato II df Chw^X 


^ W«*dQ|^bm4teA(»«to»i0»sf'iwrt«d Wm ljbi« totannttMllM 

(W t» 1&»» tort » rf mm« 

tails fet to d W o* n^ter (» mA totamfedto. A* to «ito d 


to odis d te iplte ia ww m«^f, dw, «ba to 

had*^ to^k pfli^ pa», and ft,* aol ^ ^ 

my hai^s# WWA xaigbt toidvs te to^w « 

(bs^hfogsawsssvdvelbtoto^ Wto mdi, ^ 
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wat^r contains 12-676 par'tsof per 100 parts of oxygen—that ia, 

7-990 parts of oxygen per 1 pajft of hydrogen—and therefore it is nanaHy 


BhnQ, is powed fonnela 

iatoth^ mid^ene^ Theljyaro* 
pep ovolvad in tlio woiilfo’shoUlo 
naeaes through U tuhea, In tflUoh 
M is puriflod, t6 tho bulhi where 
p) oom'ea into odntabt with the 
copper oj:i.dQ, fonna water, and 
,roduaoB tho oxldo to motoJUi^ 
,hoppotj tho water formed iMOU' 
deaaed ip the aeocud upijb, and 
any paeaing oil ia ahaorhed in the 
aecond set of Q tahoa. This 
the general a^auKemont of the 
apparatus. Tne hulb with tho 
copper oxide ia wekhed befMo 
and after the expe)!&aent. the 
loaa in weight ehowa the quantity 
of oxygon which ontorod Into tlw 
composition of tho water formed^ 
tho weight of tho lattor belha 
i^iown hy tho gain in weight oi 
ttio absorbing apparatus. Know* 
ing tho amount of oxygon in tho 
water formed, wu alao know thO 
quantity of bydrogon contained 
in it, and consequently wo dotor* 
mine the oowpoaition of water by, 
weight. TJtis is tho oBsonoo ol 
tho dotonnination. Wo will now 
turn to certain partioUlars* In 
one neolc of the three'ueokffd 
bottle a tube ia placed dipping 
under mercury. This semres as a 
safety-valve to prevent the prosy' 
• Bure inside the apparatus he* 
coming too groitt from the rapid 
evolution of hydrogen. If the 
proBBuro rose to ^.jjy -conaidor* 
ablo ox tent, tho current of gaqos 
and vapours 'would bo very rapid, 
and, aa a couBcqucnco,’ tho hy- 
drogon would not bo ’porfoctily 
purified, or- the water entirely 
absorbed iu tho tubes placed tor 
this, purpose* In tlie third nook 
of thoj^oulfe’s bottle la a tube 
oonduotiug the hydrogen to tho 
purifying apparatus, eoimisting' 
ol eight U tubus, dustiuod for 
the pnrifioation aiid testing of 
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ftoooptod that wat*r mrUains eight parts % «s%jy qf mffgm le one pmri 
by might (ifhgdn>gm, l^y whatever methruJ wftt4>r obtainod, it wU) 


hyAn^fWi M»rtlnn»t,W hy«lr*»Mwn i« hf Ow* 8«h«i wtiJt Kllv«r sttJjilift*®. 

CftttSite poterii fa lb« n*«l U lulw r*laji» iw»«l wlm-h wiighl ivnu* «f«t. 

Iwo Mlnwfag tob«a m» 4lt«l wilh Ittroj* «4 rtrf m ur«far to 

imy ewboBifa i^faydriAi #*4 mfastosv ■whl^’h Ifas hyttrfgen miglii p<nikuu. Th** iw'XS, Iwo 
talw, l« w»m-(»v« Uttfl llitt Itwei i»f mniilim*, mp falo4 wit}» |>fawj>h><rk-- *nhy4riiln, iijia»4 
with inm|« 11t»y «» l!f«nfr»«l tn «, muitir**. Bia»^ 

U tulw wnstoiKB hygntwtpic wih«UjrN»«, wi4 ta wpigh**! iJn* . this ia 

In itnhiv tn kntw whullwr tlw h!f4r<HfBtt j»»piaiin; through «aiy »n»mlttr». If t| 

u»t, thi'T^ Iho Wright i f llii* t«l!« will n«>t taty «U«ukg ISw winkW »is|wnTOwi|., ti«l 
if lh<> liy4ri‘i{«'ii nvi.lvwl dIiU r«’l»in« nimsUirr, Uib Uit« will m>'ira»w> m wrighl. Th® 
rijsiifa »«• plwdtl in ll«i bulU, whirh, iirniPMstta l«* iho t® 4ri*s4 wUh tJM 

enpjw nslila f‘*r ft hmni^iiwl <4 UtiW, 'Ilia ^»f i® limn r«hrtn®t*»4 fr>>tii a. m nr4»r to 
Wihgh thti nsiifa nf eopifwif In a vwnttm wnl t** the nr>«Ml tif a f«.r weigh* 

tog In ftif. "nin hnlb J» wad® til into«l>l»t gU*9, ih»l it nsrty l»> *t4» i.> ft 

langiliy (fiO honrt) w|KW»r« l« % wf hwt wiHn*»it »’hwigi»g in 'Uni wuighml Wlih 

In i«ily ocmnwliWl with fan {mnfyniji slter th«» hy*tr«^rt» hm {•*«»«l rtiftiugh 

<(nr % long thnt'i «4 aJ^ Inw sh«t ihn tnm lh« 

purifying ftiiitamton i# pur» Mi4 tft«a nrt »«»«« ftitf «ir. On ffi.m tlw ew* 

dwitog bnlh ^ fft# liM ¥ii,|xi«r enler tefcn *w {..i IW U®| ^ 

Bjd«fen». Th« flwk U toh« ftewWiw t4 ifnltel tfw» ami ihir«l lnb«« 

phMphnrin wahyAtMta «f pa*ni«n««k«wt *iUi ®tt5j»hnrw wh*!. Th**l»»l *4 lh« 

two is empfay&d f«r flirtaralnfag wh»th«r all lh« m»i»l»ir»> t« ami i» Itiwwfwrii 

welfhnfl i^pumAely. AwJ toh« «i!| m m f«f tlw wlwfa ».ppjr«lwi, 

to cwliw th«.t Ifen MftermJ mrilslww Aonhl mii tnbv u, Tl» gift* eyifadw 

ooatftlna wlphwtlo widi thraaih whlA r4 hy«tojg»»» it tmuhW lh« 

ratti all which th« hyflr^sa 1« wel««4; to h« «Jwl wfasttw ito wnnunl ^wntMi h« 

4®«r«iw(>d »t faeifiwMd. 

When to© appamto* Is fiM*a np fl mmi Im ij»t aJi it»» |mrt*i h«rn»Ue«ils' 
light hefor* eowm®ncing the tt)sp«>irim»nl. Wlwn itm |»t»»'h«4y weiglwi jxntu m w»». 
nftctMl together anti th« whole ajipajffttH* jmt InUi w.ittMunto*.tofi. tlwn !)».»Imlb cstuntoi*. 
tog to# oopptiif nxUk l« hefttud with a Bpim l«np Iriswlttntom 4*«e« w<>i toho }*W« wilhnnS 
Uvo aitl of heal), and Ui« r»«luetK*ft iif the «>ni*i»>r osyn limn a»4 Wftter In 

foniiwl. When nearly all Ihi* wspfwr nsnln im rwltnwl Uw Uwp 1« rcnnitwl ««l Ihi} 
appMtttua allnwfttl to ««4, the current «4 hydri^gen Win^ k«if4 up ail th« ttnm. W»« 
©ool, ton ilrawn^cmt w4 nf to« hull) w fuaw! up, ami tow rwiiianiinM l« it l» 

whansted, to wdw Uml the en|>j»f tnay l«i w«»igh«J fa a ifanunw IV Rh*H>rhti^ 
ttpparattt* remain* toll ef hydw««, mA wouM toer«hsr« n l»«# weight th«t if II 

were toU ©f ftlr» m It wm toyewpwiawil, and fw tfa« r®*««. 4i«»s«4««WI 

toe wppw wide heft, a ewmmt rtf % «ir ta p«»ti ijysmgh it unul tlm gm p«,«*tw« f««m 
tot t# quH* tree tmn hy4»f«a. Th# i»u4«ito^ huU» ftinl th*» twn tnba* 

Meat to $t 8»e tom we^hefl, fa wdw i© dntomhw ton i4u«Miy y wafer fi.«i»«h 
repftatod toll exprimwl tow*. The wmufm r^full wm to»i water wwfafa* 
iaB8»0 pMfll ©I hydregen per 10*000 part* of wrygw. Makfag «* ewiwlfan f.MP to« muhwI 
©f air eentalMd to the a^ «mplo|«l k*r poduoitif to« hy4rt»g«M, Itutm*® 

oblafaea toe atwage flp» Ififipe, b«iw«iti U» ©strm®* mn «»l ItM-S- TW» 
prove# that p« I pwt of hyihregm walw umMm 1-wm i«jrte el wlto a pwrtbfa 

error of not more toan ©r 0*O8-i fa to® amount wf ©xygwn ]^r 1 part wl hfdrt^gsB. 

Erdmatm tmcl Marehand* fa eight detarwfaayoHa, fmuKl to«*l fwr la.n»0 parte ol 
oxygen water oontaina an aw«fe ol l,«#t parti of hydrogwa, with a dl^wie© a# tmm 
l,fl68.S to l,a48“7 i henca per I part ©f hydr^ea tom wwM b« fWS ©f ««fi«a,wito m 
error of at leait O'OB, 

Koiier 18881, fa Amorioa by ahkp)oyfa| f^dWlam hydride, and by fatoododag 
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always present the same compositionu Whether it be taken from nature 
and purified, or whether it be obtained froin hydrogen bj^ oxidation, or 
whether it be separated from any of its oompoonds, or .obtained by some 
double decomposition—it will in eveiy case contain one part by. weight 
of hydrogen and eight parts of oxygen. This is because water is a definite 
chemical compound. Detonating gas, from which it may be formed, is 
a simple mixture of oxygon and hydrogen, although a mixture of the 
same Composition os water. All the properties of both, constituent 
gases aro preserved in detonating gae. Either one or the other gas 
may be added t6 it without de8troyin|f its homogeneity, ^ilie funda* 
mental properties of oxygen and hydrogen are not found in water, and 
neither of gases can be directly combined with it But they may be 
evolved from it. In the formation of water there is an evolution of heat; 
tov the deoutopositlon of water heat is tequired. All this is expressed 
by the words. Water ia a d^wUe oh&rMoal comipcmid qf hydrogm ‘with 
mygen. Taking the symbol of hydrogen, H, as expressing a unltquan* 
tity by weight of this substance, and expressing 16 parts by weight 
of oxygen by 0, we can formulate aU the above statements by the 
chemical symbol of water, As only definite chemical compounds 

^oro denoted by formuloo, having denoted the formula of a compound 
eubstanoo we express by it the entire series of properties which 
go to make up our conception of a definite compound, and at the 
earn© time the quantitative composition of the substance by weight. 
Further, os wo shall afterwards see, fbrmuhe express the volume of 
the gases contained in a substance. Thus the formula of water shows 
that it contains two vcduroea of hydrogeSu and one volume of oxygen. 
Besides which, we shall learn that the formula expresses the density of 
the vapour of a compound, and on this many properties of substames 
depend, and, pa we ehaU learn, detmuine the (piantities of the bodies 
entering into reactions. This vapour density we shall find alpo deter* 
mines the quantity of a substance entering into a reaction. Thus the 
lottore UgO toll the chemist tho entire history of the* substance. This 
Is on International language, which endows chemistry with a simplicity, 
oloamoss, stability, and trustworthiness founded on tho investigation 
of the laws of nature. 

vftrioae frodj prccaatlons forottafaiJog'aootwftioroBiUtB,foaBa tboocnupoelUon of water fco 
be IB'05 parts of oxygen per 9 of hy(lrogeQ. 

Certain of the latest .detonninatlons of tbo composition of water, as alio tboso nuAe 
by Diuuati, oJlways glvo less than 8, and on tho avorago 7'%t cf oxygoo per 1 part of 
bydrogon. noworor, not one of thoso figures is to be-ogatimiy dfipic«4ed da, and Cor 
(Mriintvry uoouxaoxit may bo txmaidexod th^ On>l6 when 

«8 
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OXYOBN AND OTtl OlllSf ABPBCTi OF ITS BAMMS OOMMSfATTOM 

On tho earth’s surface there is no other doment which i» »o widely 
tributecl aa oxygen in its varioui eoropounds. ‘ It nwkci up eight-nlntha 
of the weight of water, wUeb ooouplcs tho greater part of th© «airth‘« 
irarfaoe. Nearly all earthy BubitanotM and rock* muiiist of ©OTtpoundt 
of oxygen with metala and other oloraent*. Thus, the grmter put of 
Band is formed of sllioo, SiO^, which oont&iM 03 p.o. of oxygen ; olay 
oontalM water, alumina (formotl of aluminium and oxygon), and iilic». 
It may be eomidered that mrihy iubttano^ and roeka eaitiin up to 
ono-third ol their weight of oxypn j animal and vi^tablo tulwtanow 
ar® also Hoh fn oxygen. Without ©ounting the water prenont in 
them, plants eontaln up to 40, and aniroak up to 20 p o, by weight of 
oxygen. Thun, oxypn oompoundt prolominate on the wrth's surface. 
Besides this, a portion exista in a free itato, and k wnteinpd in admix¬ 
ture with nitrogen in tho atmosphire, forming alnwt o«»“fourth of its 
maw, or one-fifth of it* volume. 

Being so widely distributed in nature, oxygen plays a very Im¬ 
portant part In it, for a number of the phcnomina which toko plane 
before ui are mainly dopondiut on it, Jmmah kmuthM air in ortior 
to obtain only oxygen from It, the oxypn entering into thnir rMpirotory 
organs (tho lunp of human beingi and antoali, tho gill* of fl*hw, and 
the traehro of iniecte) { tb^, so to eay, drink in adr in ortkr to almsrb 
Wbi oxygen, ©le raygta of the air (or dtoolved in water) pwiu* 
through the ffitwhwMaw of Wbt rMpbutory oi^ni Into the bl^, l« 
iNiliilffiild in it by the blood oorpuwtlet, ii traiiimittfed by their mcana 
to all part® of the body, aida thdr twua^Nnffiatiani, bringing about 
ohemiohl protoMB in thtti, and ohitfly extwmting earlwn from them 
in the form of w^rhonJo anhydride, the greator prt of whieh 
Into the blood, is dktolv^ it, and it thrown off by th« lunp during 

» a# wgjorOB the toMw ©t ^ mA, 11 prthi«y mMm far hm mfm «»* 

iwwjaniwa the ffarfaw, by iw ©f tb» i«r*'» orifiii, o# 

of the Mrth’e dearie, ^ |«w Ohaptof WO, Wrte «, and Cha|»ter XXIL, 
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Che absorption of t)ho oxygen. tn the process of respiration 

carbonic anhydride (and water) is giv6n offi and t)je oxygen of the air 
absorbed, by which means the blood ijS changed from a red venous 
to a dark-red arterial blood. The cessation or tljis process causes 
death, bOoause then all thc^ chemical processes, and the consequent 
heat and work which the oxygen Introduced into the system brought 
about, cease. For this reason suffocation and death eoosue in a vacuum, 
or in a gab which does not contain free oxygon, I.e, which does not 
support combustion. If an animal be placed in an atmosphere of free 
oxygen, at first its mov^ents are very aotivftftndagenetalinvlgorafeiido 
is remarked, but a reaction soqn sets in, and death may ensue. The 
oxygen of the air when it enters the lungs is diluted with four volumes 
of nitrogwi, which is not absorbed into the system, so that the blood 
absorbs but a small quantity of oxygen from the alr| whilst In ao 
atmosphere of pure oxygen a large quantity of oxygen would be 
absorbed, tuqid would produce a very rapid change of ail parts of the 
organism, and destroy it. From what h^ been said, it will be undejs 
stood that oxygen may be employed in respiration, qt any rate for a 
limited time, when the respiratory organs buffer under certain forms oS 
suffocation and impediment to breathing.® 

The combustion of organic substoncos-^that substances which 
make up the composition of plants and animals—^proceoda In the same 
manner as the combustion of many Inorganic substan'tee, such os 
tolphut,. phosphorus, Iron, Ac., from the combination of these substauoea 
with oxygen, os was described in the Introduction. The decomposi¬ 
tion, rotting, and similar tratufermationa of substanoeb, which proceed 

C round us, Are also very often dependent on the action of the oxyghn 
f the air, and also reduce it from a free - to a combined state. The 

* n is evident thM the p«rtia) ptressure (see Chapter L) sots b respiratton. Tho 
reseorohes of Paul Bert showed this with poriioulor oleomess. Under a pressure oi one* 
'fifth of on atmosphoro ooneisting of oxygon osily, animals and human beings remain 
under the ordinary ooncUlIons of tbo partial pressure of oxygon, but organisms cannot 
jCupport air niroflod to ono*flftb, for tlvon the partial 'prossuro of tho oxygen falls to one* 
.twouly-flfth of (in atmosphoro. Even under a prossuio of Ouo-third of an atmosphere tho 
regular life of hiunon beings is impos&iblo, by reason of tho impossibility of respiration 
(booauso of tho dooroaso of solubility of oxygon b tho blood), owing to tho small povtlaf 
presBure of tho oxygon, and not from any moohooioal efioot of tho dooreaso of pressuro. 
Faul Bor-t illustrated all this by many experiments, somo of wliioh he conduotod on him* 
self, This explains, among other thhqgs, tho disoomfort felt in the onoont of Ugb moan* 
tains or b balloons whon the height reaohod oxcoode oight kilometres, and at proMrarea 
below S(K) mm. (Chapter IT., Note SIS). It is evident Chat on artificial ataov^ere ho* 
to bo employed in tiio ascent to great heights, juat as b aubmarifto wurfc (The cure by 
flomptewd and roi-oflod air whicli is prootis^ b oortob iUneasea U baaed partly on 
the meocuudool action of tho ohongo of preaeuro, ood portly oa (he atteratton b t^ 
Iprewuro of the reaplrod oxygoo. 
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iwiijority of tbo compound® of cxygon are, Mko wntor, v^ry «tabK and 
do not give up their oxygon under the ordinary (xraditiwiA of nature. 
A® those prooos&os are taking place ovorywheiws it might lie wjmctdi 
tJbat the amount of free oxygfm in the atmtJisphere fthtmld dttertmw, 
and thia docreaeo should proceed sonmwlmt mpidly. TUit is, in fact, 
observed where ©ombuition or respimtion procwia in a olo*t»tl 8|»aei. 
-Ajaimols suffocate La a olosed ipoow l»«.uifl in consuming the oxygen 
the air remain® un0t for respiration. In thoaamo manner rcnnhuitlon, 
after a time, oon »08 in a cIcwmI sjuveiv, which may \w pn>vwl by a very 
eiraplo oxporiniont. An ignittd auhft«wod~f*tr inttantn*, a |>i««o of bum* 
ing sulphur—-hfia only to bo placed in « glw tlsiak, which l« then ela«di 
with n Btout cork to prevent tho aoceia of th« extonml air <XM«bu»- 
tion will prooeod for a cortaiu time, w lotig a* the fkiik mxitAlni any 
free oxygen, but it will oewe wh«m tho oxygon tho enoltwfd aJr hw 
combined with the aulphur. From what lm« U»n mk% It k evkhwat 
that regukinty of cambutitlim or wsplratian «Mjuip» ti«uwt*nt wnewa) 
of air—that ia, Umt tlio bunibg iulMantJOi or nwpirini anliryd dbould 
have aoeoM to a fr^ *wpply of oxypm Thia i* altofnt^l In dwelllnp 
by having awny wiadowi, outlet*, and vuntlkUira, and bj tl»® «inw»t 
of tdt pr^uood by firw and itovm A» reganl* tlw »ir ti¥i»r tho ontLm 
earth’s surface ik amount of oxygen hardly diH'n«»*>«, lM» 0 auie In 
nature there is a prooett going on whieb r«si»wg tho su|t|4y of free 
oxygen. Plank, or rather their leave*, during daytime,* under tho 
influenoo of light, abftorb oarlmnie anhydride GO|, and «4E^«n, 

Thus tho loM of oxygen whielj occun in corwHjMiinw uf tlio rwidratlon 
of animals and of ooinbuation is made gtwi by planto. If a hmf bo 
placed In a l>eU jar containing water, and earlKUib anhydride (Uieauoo 
this gas ia ahiorl^ed and oxygtm ovolvwl fnuu it by plonto) i«i p«««Ki 
Into tho WI, and tho whtde ap|«irfttU8 pkcetl In luniight-, tli@r» 
oxygen will aocumulato in tho Ml jar. This M|wriroent wm flwl 
ta^e by Friwiby at the end of tho Iwfc eeniury. Thwa tho life of plant# 
on the earth not only iwrv« for the Iwimtion of for anfnmli, but 
olio for keiplng up m »nttaat p«r<»ntftg« of cixygnn in tJ»o ayiiMphtiw*. 
lu iibe long period of tht lif® of the mrth an wjutlibriuiw hw 
ftttehaed bttween ^e prtK»«» a'taorbinf ami evolving oxygen, i»y 
which a dolnite quantity of frm oxygta {• pip»«»rv«J in tho nntlm w#* 
of the atakwq^ere.'* 

* At night, whtonl ttie scMou cf %hl, wUhoal Ihe td y m 

regiilrcd for the dseomporiUon ef wrlmte tete Ow c«ffw» «t4 (which 

i* wtfthiftdi by the plantg) th^ h»«i^ AAtetAi, staorti** ««d 

o^bottie »h^a«. This ptomm rtw «a IN ^ wll* tba tm-rntm {mw«w i» 

Iho daytkae* cal it la tljen fw f»«hJ«r thm (tel wWh 

< Th« ea^*« gi|rteM is equal to i^teut tW mHIim WawUw», uA lh«i tmm^ 
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Oxygen was obtained as oh independent'^ in, 1774 by Priestley in 
Engltmd and in the same year by Sohede in. Sweden, but its nature and 
great importance were only perfectly elucidated' by Lavoisier. 

Free oxygen may be obtained by one or ojbber method from qH ^she 
fiubstancos in which it occurs. Thus, for insttoce, tho oxygen of many 
eubstances may be transferred into water, 3&rom which, aa we have 
already seen, oxygen may be obtained," We will first consider the 
unethods of extracting oxygon from air as being a suijstanoe ovorywhore 
distributed. The separation of oatygen from it i% botvever, hamporod 
by many difficulties. 

From air, which oontoina a of oxygon and nitrogen^ the 

laitrogen alone cannot be removed, because -it has no inclination to 
combine directly or readily with a^y substance .; and although it does 
combine with certain guhstanoes (boron, titanium), these substances 
combine simultaneously 'with the oxygen of the atmosphere," Ho wever, 

ithe air (at a pressnto of *760 mml) kUomotxo of eurfooo Is about IQjf thousand 

‘mlllionB of kilograms, or about lOJ million toufl! tboreforo tlm wholo weight of tho atmo* 
jephoro is about 6,100 million million (bi 61 k W'*) tons. Oonaoquontly tUoro aro nbput 
a X 10‘® tons of froo oxygon in tho oartlr's almosphoro. Tlio Innumorablo sorloa of pro« 
ooqsos wWoh absorb jx iiortion of this oxygoil aro oomponsatpa for by th© plant prooosrfoB. 
Assuming that 100 million tons of vogstablq mattor, ooutainiqg 40 p.o. of oorboii, fonnoU 
from carbonic aoidl, aro proauoed (and! the somo proocss proooods in water) per year on 
the 100 million squoro IdlomotreB of dry land (ten tons of roots, loaves, stoma, «o., per 
hootore, or of a square kUomotro), wo find that tiko plant life of tho dry land gives 
about 100,OOO tons of oxygon, which is on ir^oiguifioant frooUon of tho entire mou of the 
oxygon of tho qir. 

^ Tho oxtroetion of oxygon fisym“water jmey be •efleoted by two prooesBOSi ©ithor by 
tho decomixjsition of water into itp oonstituent ports by the action of o galvanic ovurreni 
(Chapter n.), or by of iho removal of fhe hydrogen from water. But, m we hewe 
seen and already Imow, hydrogen enters into difOdt oombhmtloQ with very few substonoM, 
and then only under speciol oixeumatanoee; whilst oxygen, os w@ shaU soon loom, eom* 
bines with tieatly all sabstonoes. Only gaseous chlorine (end, eBpec(aUy> fluorine) Is 
capable of decomposing water, teldng up ^e hydrogen horn It, without combining with 
tho oxygen. Chlorine 14 soluble in water, and df on aqueous eolation of chlorine, so-called 
chlorine wator, bo poured into a flask, and this flaw bo Invmted in a basin ooutoininig 
tho samo olJorlno wator, then wo slioll have an apparatus by meone of which oxygen may be 
extracted from water. At tho ordinary temperature, and in the dork, oliloriiio docs not 
act on wator, or only acts very foobly; but ujjdor tho oolion of direct sunlight chlorine 
dooomposos water, with tho evolution of oxygon. Tlio clilorino Oien omubine» with tiro 
hydrogen, and gives liydroohlorlo oofd, which dissolves In tlio water, and thoreltire frf>o 
oxygon only will bo seporatod from tho liquid, and it wlU only contain a biuoII quantity 
of clilorino in admixture,'wlilch ooa bo OfnUy removed .by poaslpjg (he through & 
eolution of oaustio potash, 

0 A dlfleranoo in tho physical properUes of IwUi gasoB cannot 1 ki horo token advonlof® 
of, boo'auso they are very Bimilor in ^is resimot. Thus Uie density of oxygen is id Mnw 
Mid of nilrogun 14 tlmoB greater than tho doncity of hydrogen, and thwetore porous 
vosHols cannot bo lioro omployed—tho difieroncs between toai* cl tbebr puMog® 
tlwouglv a porous surface would bo too fnalguiflcant. 

Orahato, however, suooeodod In enrielilng sir to oxygen by patting it Uurough ladiik- 
tubbrnr. Thle may be done in the followtng way oommon india-rubber omhlosu * 
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80 doing, give up the oxygen absorbed—that is, by making use of re¬ 
versible reactions. Thus, for instance, the oxygen of the atmosphere 
majr be made to oxidise sulphurous anhydride, SOj (by passing directly 
over ignited spongy platinum), and to form sulphuric anhydride, or 
sulphur trioxide, SOj ; and this substance (which is a solid and volatile, 
and therefore easily separated from the nitrogen and sulphurous 
anhydride), on further heating, .gives oxygen and sulphurous anhydride. 
Caustic soda or lime ektraots (absorbs) the sulphurous anhydride 
from this mixture, whilst the oxygen is not absorbed, and thus it is 
isolated' from the air. On- a large scale in works, as we shall aiterwards 
see, sulphurous anhydride is transformed into hydrate of sulphuric 
trloadde, or sulphuric acid, HaSO^; if this is allowed to drop on to 
red-hot flagstones, water, ^iulphurous anhydride,and oxygen are obtained. 
The oxygen is easily Isolated from this mixture by passing the gases 
over lime. Thfr-extraotion of oxygen from oxide of mercury (Priestley, 
Lavoisier), which is obtained from mercury and tl\e oxygen of the 
otmosphdre, is also a reversible' reaction by which oxygen may be 
obtained from the atmosphei-e. So also, by passing dry air through a 
rod-hot tube containing barium oxide, it is made to combine with the 
oxygen of the air. In this reaction the so-called barium peroxide, 
BaOj, is formed from the barium oxide, BaO, and at a higher tempera¬ 
ture the former evol'^^ea the absorbed oxygen, and .leaves the barium 
oxide originally tolcon.^ 

ponotrato in tUo same time as ono volume of ultrogou. B; multiplying theto 
ratios by the amounts of theeo gases lu air, we obtain figures which ore in (^oat tho 
same proportion oe the volumes of the gases penstratlng from air through indisrrubber. 
If the prooess of dialysis be repeated on the air which has edready poseed through iodlo- 
robber, then a mixture oontoining 66 p.o. by volume of Oxygen i@ obtained. It may be 
thought ^ftt the oanse of this ph^omonon is the absorption or ooeluelon (see Obap. 

Note 87) of by indio-rubbw and the evolution of the goe dissolved in a voeoum { »o4 

Indeed, India-rubber does absorb gases, espeeioUy oorbdnlo onhydrida Chrohom ooUod tho 
above method of the deo<^poeition of air atmo^ais. 

. ^ The preparation of oxygen by this me^od, which is due to Bouesingault, is oondaotod 

in a poroelaiu tube, wliioh is placed in a stove heated by charcoal, so thatite ends project 
beyond tho stove. Barium oxido (whioli may bo obtained by igniting barium nitrate, 
previously dried) is plooed in tlio tube, ono ond of which is oonnootod with a pair of 
boUowB, or a gas-holdor, for keeping up a current of air through it. Tho air is previously 
passed through a solution of oanstio potash, to remove all trooos of oorbonio anhydride, 
and it Is very oarefully dtlod (for tho hydrate BoIIsOj does not give the peroxide). At a 
dof )b-r«d Aeaf (600-0M®) the oxide of barium absorbs oxygen from tho air, so tliat ttie goa 
laaviug the tube ooneists almost entirely of nitrogen. Wlion the absorption ceases, tho air 
win pass through the tube unohanged, wbioh may be recognised from the foot that it sup- 
ports oombustlou. The barium oxide is oonverted Into peroxide under these olroumstonoee, 
and eleven parts of barium oxido absorb about tmo part of oxygen by weight. When 
absorption ooascs, ono ond of tho tube is closed, a oork witli a gos-oondaeUng tube is fixed 
into tho oUior end, and tho boat of tlio stove is inoroosed to a bWpiW-wd haai (800®). At 
tide temperature the barium peroxide gives up oU that oxygen which it acquired at a dark¬ 
s' heat—f.a. about one port by weight of oxygen Is evolved from twelve porta of barium 
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Oxygm |s with jmrtlOTtar^f® by ^whftk ^rl» of 
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speaking of tho decomposibion pf mercury oxide. Priestley, .in -1774, 
obtained pure oxygen for the first time by heating mercury oxide by 
moans of a hurning-gla^s, and clearly showed its difference from air. 
He showed its oharaoterlstio property of supporting combustion ‘ with 
remarkable vigour/ and named it dophlogistioatod aii*. 

2. Tho subiStancOa chUod f dr oxides ^ evolve oxygen at a greater or 
less heat (and also by'the action of many adds). They usually contain 
metals combined with'a largo quantity of oxygen. Peroxides are tho 
highest oxides of certain metals ; those metals which form them gene¬ 
rally give several compounds with oxygen. Those of the lowest degrees 
of oxidatioh, containing the least amount of oxygen, are generally sub¬ 
stances which are capable of easily reacting with acids—for instance, 
with sulphuric acid. Such low oxides are called bases. Peroxides 
jjontdn more oxygen than the bases formed by the same metals. Per 
example, lead oxide contains 7’1 parts of oxygen in 100 parts, and is 
'basic, but lead peroxide-contains IS'S parts of oxygen in 100 parts. 
'Memgamse peoxixide- is a similar substance, and is a solid of a dark 
colour, which occurs in nature. It is employed for technical purposes 
under tho name of black oxide of manganese (in Gorman, ‘ Braunstoin,' 
the pyrolusito of tho mineralogist). Peroxides are able to evolve 
dxygon at a more or loss oiovatod tomporaturo. They do not then part 
with all their oxygon, but with only a portion of-it, and aro converted 
into a IcJwer oxide or base. Thus, for example, load peroxide, on heat¬ 
ing, gives oxygen and load oxide. Tho decomposition of this peroxide 
proceeds tolerably easily on heating, even in a glass vessel, but manganese 
peroxide only evolves oxygon at a strong red heat, and therefore oxygen 
can only be obtained from it in iron, or other metallic, or clay vessels. 
This was formerly the method for obtaining oxygen. Itfanganese 
peroxide only parts with one-third of its oxygen (according to the 
equation SMnOassMnaOj + Oj), whilst two-thirds remain in the solid 
substanoo which forms tho residue after heating. Metallic peroxides 
aro also capable of evolving oxygon on heating with sulphuric add. 
They then evolve just that amount of oxygon which is in excess of 
that necessary for tho formation of tho base, the latter reacting on 
tho sulphuric acid forming a compound (salt) with it. Thus barium 
peroxide, when heated with sulphurio acid, forms oxygon and barium 
oxide, which gives a compound with sulphurio noid termed barium 
sulphate (BaOa -f- n 2 S 04 = 3 BaS 04 -f- lIjO +• 0).° •>*» This reaction usually 

® Wo nhivll aftorwardfi boo that it is only Hubatanoos liko boxlom p^xido .(whloh 
fllvo liyxlroKon poroxidn) which should bo conntod ftB true poroxldei, and lh6tMn0a,Pb0a,. 
&o,, Bhouhi bo dialinguiBhod from thorn (they do not give hydrogen jporoxldo With aoldeX. 
mrd theroforo It li beet to coll them dioxidoB. 

Peroxide of barium also glvee oxygon at the ordlnoty temfieraturo In the preBenoOh 



160 


PRINCIPLES Of CHEEICTEY 


ptoce^ with grmtar mm Umn tls® de«mp«lti<m of poro^kliM l»y bml' 
Alono, For the purposes of oxperiiaent |K<wd%iml tmog«>i«j |icnis.kl» i* 
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apparatus »et up ai thown in Fjg. 2 H. The gaa whirh is owlwl ig 
pawed-Uirough a Wool!®'* hottl«c«ttl*ittittg a«>lulu*n a! mustte |H>t*ah^ 
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By this method of dwomjwitloa of li» piir«aiile l»y tul. 
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phurio acid there is evolved, not, as in heating, one-third, but one-half of 
the oxygen contained in the peroxide (Mn 0 <,*f-Ha@ 04 =a!MnS 04 <+'Hj 0 
+ 0 )--that is, from 60 grams of peroxide about 7]^ grams, or about 6 | 
litres, of oxygen,'® whilst by heating only about 3| litres are obtained. 
The chemists of Lavoisier’s time generally obtained oxygon by Iieating 
manganese peroxide. At the present time more convoniont methods 
are known. 

3. A third source to which recourse may bo had for obtaining 
oxygon is roprosonted in aetda and adts containing much oxygen, 
which are capable, by parting with a portion or all of their oxygen, 
of being converted into other compounds (lower products of oxidation) 
which are more difficultly decomposed. These acids and salts (like 
peroxides) evolve oxygen either on heating alone, or only when in the 
presence of some pther substance. Sulphuric acid may ho taken as on 
example of an acid which is'deoomposed by the action of heat aloncv' * 
for it breaks up at a red heat into water, sulphurous anhydride, and 
oxygon, as was mentioned before. Priestley, in 1772, and Soheele, 
somewhat later, obtained oxygen by heating nitre to a rod heat. The 
best examples of the fornmtion of oxygen by the heating of salts is 
given in potassium chlorats^ or Berthollot's salt, so oaUod after the 
French chemist who discovered it. Potassium chlorate is n salt com¬ 
posed of the elements potassium, chlorine, and' oxygon, KOIO 3 . It 
otours as transparent colourless plates, is soluble in water, especially in 
hot water, and resembles common table salt in some of Its reactions and 
physical properties; it melts on heating, and in melting begins to decom¬ 
pose, evolving oxygon gas. This decomposition ends in all the oxygen 
being evolved from the potassium chlorate, potassium chloride being 
left as a residue, according to the equation KOlOgiaBKOl-hOa.** Thii 

Sobeele, in I7S6, diacorered th« method of obtaining oxifgen by tmiing tnongoneio 
poroxide with eulphorio acid. 

o All aoida rloli In oxygon, and oapooloUy thoBO whoso olomonts tortn lower oJddoa, 
ovolvo oxygon oitlior dirootly at tho ordinary toinpernturo (for Jnstiunoo, forrio acid), or on 
boating (nitrio, manganic, ohroinlo, chlorlo, and othora), or if boalo lower oxides ora 
formed from thorn, by heating with aulphiario tvoid. Tlius tho rhUb of chromic <uiitl (for 
oxamplo.potasBinm dloliromatOiKijCrgO,) give oxygon with Bulphurio a<iidj first pota«slnm 
sulphate, Ka 904 i fommd, and tiioa the ehromlo aold set free gives a Bulpluvrlo acid ealt 
of the lower oxido, CrgOu. 

1 * This reaction is not reversible, and ie exotlionniU—tlmt is, it doos not absorb heat, 
but, on the contrary, evolves 0,718 oaloriOB per molecular weight KClOj, equal to 12S 
|)artB of salt (oooording to tho determination of ThomHon, who burnt hy&t^fen a 
ooJgrinuitor either alone or with a doAnito quantity of tiotaBsinm ohlorate tnbeed wfth 
oxido of iron)- It does not proouod at once, but first forma parohlorato, KCIO 4 (see 
Gblorluo ainl I’ctaneium). It is to bo ronuu-ked that potassium ohlodde melts at 7^% 
potossivun oblorato at 8S0”, and iK)tasB!um perolUomte (Oonoemtng the deem* 

position of EClOs, M Chapter n,, Note 47.) 
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oonduc^wl in m gla« vmml II«wbw, in «|pr««stt|««ltt|f. ilm 
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In ordsr to owfccmis thl* tit® pi4**««!n chlorAto Ife 
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of hcmt. ITiunllj It h mi*«l with ittik.pg*ftn« Tlw 

position of the fiotAStfoio chlomto i« tli«i rj»tisk|pfsl*l|* and 

proccotltftt A lower tcnip^’Pfttuw tli» mm.* i* iHrn twtter 

heated, Itoth externall)' wul wiihrmi swelling up, »n«l thfa 

method ii thcreform ««»« cf«iveal#«i llwi th» »»f tin-* mXt 

don®, Thia io»thi»d for tho t»f atffan i* very cmiveniwit |- 

it ii wh«i » *»4ll of «wyg»« i* rK|ulr^ 

Furthtr, poii«lu» eblorat© fa «k»lly nlitalned |Hin\ »iwl li 
mnoh oxypn. ICK) gmnw r»f ilm i^i give m mmh m at gmm% m 
80 lltrea, of oxypn. Thl* !• •(* th»i a 

oontti of pmetl^ ehwaistiy li rffen hy th® |*rt»|«ris.ii«» 

of oxygio by Ato tad of hfdw^e* hy tl»» aid »»f «ii}» ind 

•tdpharto iwaW, Maet hy bwmem rf th«# p»e« mmj Mi 

Klrtting «p@rim«nts may b» 

A iolutloo ef hkmkinffpem^t which e»lclsifti liy|«ehh»rite, 

O&OlgOg, 6 to1v« oxyfwat cm pntly h»liiif wtnw « «|tt*ntiij of 

oorlain oxkli# li idld^—for ioilaj»i, «l»lt which i« tlik mm 
4©fci hy content (##• lotrwitietlia). Wiwi hf iimlf, » wtilutlna 

of bleaching powdtr iom not hit It e*4diw* lh» wdmll 

oxkli to a high#? difft® of o«l£kik» j thta hifhnf otido of wWt ia 
oonUot with tho blwchhag powdtr late i«|g«a s,iict hmw 


*9 Tbt p««}4i 4«wi wi| rntAm |« &.I8 #w»*, It tiiiif W #»jti*r»4 hf mmMf 

flidlb*~4« iMalMie*, by td i#«B, || b* f te tek* lb» fmm'-timHitu ^ 

m Wto •»! f*ll ii*# 8i»*» 

*IA 

p»^ *1 * to* » f »w 

WftI It »lf #* itetod to w giM «f^**Hi* im tm Am 

*??*^** * ^ ttf wmmif m m hi 

li* S* ^ *4 fmt^mrn 

w*«^« of mmf hi w««|44(iHsti n#irt*4«i 

p» mmmm rnimi m 

of ^ Wt »» 

^fwalw {*« « a ^ tort, % wl*lw» «« 


OXYG-EN AND ITS SALINE COMBINATIONS 


168 


Oxidation products, and the resultant lower oxide of cobalt with bleach¬ 
ing powder again gives the higher oxide, which again gives up its 
oxygen, and so on.‘® The oaloiom hypochlorite is here decompoaed 
'according to the equation 0aCla0a=as0a01a + 0j. In this manner a 
small quantity of cobalt oxide’^ is sufficient for the decomposition of an 
indefinitely large quantity of bleaching powder. 

Tim properties of oxygen.^^ —It is a permanent goa—that Is, it can¬ 
not be liquefied by prossuro at the ordinary temperature, and further, 
is only liquefied with difficulty (although more easily than hydrogen) at 
temperatures below —120®, because this is its absolute b<^Ung point. 
As its critical pressureis about 50 atmospheres, itoan’be cosily lique* 
fied under pressures greater than 60 atmospheres at temperatures 
below —120®, According to Dewar, the density of oxygen in a critical 

6uoh Is, at present, tlio only possible inotl\od of explaining tbo phenomenon of 
oontaot action. In many oases, such as the present one, it is supported by observations 
based on foots. Thns, for instance, it Is known, as regards oxygen, that often two sub* 
stances rich in oxygon retain it so long as they are separate, but dkeotly they oome into 
contact free oxygon is evolved from both of them. Thus, on aqueous solution of hydro¬ 
gen peroxide (containing twioo as much oxygen as water) acts in this manner on silver 
oxide (oontohxing silver and oxygon). This reaction takes place at the ordinary tempera, 
turo, and the oxygon is evolved from both oompounds. To this class of phenomena may 
ho oik) rolorrod tlie fact that a. mixture of barium peroxide and potassium monganato 
with water and sulphurio acid evolves oxygon at the ordinary temperature (Note 0 bis). 
It would soem that tho oesenee of phenomena of this kind in entirely and purely ja 
property of oontoct; tho distribution of tho atoms la,changed by oontaot, and if tlie 
equilibrium bo mistablo it is destroyed. This is more especially evident in the ease 
of those Bubstonoes wliioli obange oxothermally—tliat is, for those reactions which are 
accompanied by on evolution of heat. The deootnpoalUon Oad^OswCaOlB+Oa belonga 
to this class (like the decomposition of potassium chlorate). 

Generally a solution of kleaohing powder is alkaline (contains free Ume), and 
therefore, a solution of eobalt chloride is added dlreotly to it, by which means the oxide 
of cobalt required for the reaction is formed. 

>8 It must be remarked that in sU (he ceaotlons above mentioned ^ focmatiou of 
oxygen nmy be prevented by the admixture of aubstaooes oapsMe of oombining with it~, 
for example, charcoal, many carbon (organie) oompounds, sulphur, phosphorus, tmd 
various lower oxidation produots, Ssb, These substances absorb the oxygen evolved, 
combine with it, and a compound containing oxygon is formed. Thus, Lt a mixture of 
potattsium ohlonvto and charcoal bo hoatod, no oxygon is obtained, but an explosion 
WtoH place from tho rapid-fiirmatiou of gosos resulting from tho combination of tho 
oxygon'of Iho poUsHiura chlorate with tho charcoal tuul tho ovoluUou of gaiKn>us COa. 

The oxygen obtained by any of tho abovu-desoribed methods is rarely purt). It- 
generally contains aciuoous vaimur, oarbouio anhydride, and very often wn«dl traces of 
chlorine. The .oxygen may be freed from these impuritios by pawing it through a solu* 
tion of eaustie potash, and by drying iU If the tmtassiuiu chlorate ^ dry and pure, it 
gives almost pure oxygen. However, If the oxygen liu requited for reapicatton iA UtyMS 
of Hickiiess, it should bo washed by passing it Uirough a sduUou of oftMtte 4 lkall 
Uwough water. Tho best way to obtain puro oxygen dimUy is tft tsto poteiittm 
perchlumte (KCIO^), whioli cou bo woll purided oi^ tbm evolves pom osygM on 
heating. 

With regard to-tho absolute boiling points PSSWSS^ ssod tlm 
in general, see Chapter IL, Notes 28 and 94, 
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Is (wattrwl), bot, tike all i« tbli tto-te,® i| 

vaxi^ oonriderably in density with a ch«igt» *»f iiremniti wtd Unnpem, 
tout), and tibemfore many isjvMtigatfl'r* who mwle iliinr olwervatioM 
under high pr^surM givi^ a gmter deniity, « luaeh m 1 ■ 1. UijnrW 
oxygen li an exee^iogly mobile with a faint Wn® 

tint and boilhag (towionwl atmcwplwrn) aboat cIxygen, Ukt 

aU gaiM, li traniiwimt, and the ‘d gw», c«lo«rh**. n 

has no smell or teifee, whidb ia ©ttdent from lim tmt of itj \mng r com* 
ponont of air. Tho wnight of one litre td oxygen gm ni t) ’ wwi 7iltl mm. 
.prwsuro is 1’4398 gram ; it k tdightly i|pn»»r li»o dr. 

Its douiity in retpeot to ftirwl'lbM,aiMl in r«|»@rt to hyclrt^ri»l6.*» 
In it« ohemiod pro|Mirtt« oxygen i* rpw»rkaW« fn>«» th« fart thal 
it veiy Muily—and, in »oh«mi»i »9»«\ vlgwf»«»ly imots on r nombw 
of robttan^w^ fonaing my^n c«np«»Ms*k Ihmmm, tmly m hw 
tttbstftUOMi and mixtur* ol ful^tanee* (for ©xawpH pbwphoro^ 
with ammonia, dtetJmptwing or^nki matter, shtphyd#* pyrisgadW wirtt 
an sdWi, to.) ©omhlno dlrwUy wiit-j my^m «A the wnlliwy t«»« 
peratwir©, whUsfe naimy wlwto©* «»% rombiw with «sygim »t a ml 
and oftWk tWa ownMnatten pr^tiln m rapid etwoik-^l 
ftoeompydad by tibi tvoltttioo tj# a kr*P i|is«itiiy t*f Iwt, Every 
reaettw whkh plw® mpMly, H it ki •wotwjmnW by •« grmi m 
evolution of hi^ «i to pwlttOi limodw«ti^ ta tonnwf ntmSuMim, 
Tljui eombwttion «mwi^ whin imiiy wieluli »r» ptting«f! im«» ehh*rl»i, 
or oxide of todium or ItatriBW into catrbtmle *nltydfl*lo, or wWi a spirit 
lalla on gunpowder. A gtt*.t many iulwtanwi w rt»»t»ttst4bk In 
Oxygen, and, owing to i» pftwe», in nlr dw*. In Mtl#r to Rwnf 


» JadfiBf fcre« whal baa mM to Woto 14 »4 ifc* t*«l «*t.l »!•.. fr****, tte 

tewllB ©I air«Bt ebftemikto, il l« w44«#t 4^1 #tl to # w4W««l «i*i« lt*»» 

a large goeffleJwt bI fcifWMitott, w*di»» v»fy 

n As wftrtor wwlrts «tt i vt 48 *i» »4 m 4 i «.| 

eonkta# Ifl prta by wslfbi of lafp^ pw * pm* hy wmigU *4 n ita^sNw 

feUcrtw dJt^y that wtypn Is li Mwwi lli«« , ilw mm^ 

p©«Wo« ol mlw by wii#t hm^ |« «»w| few* Om 4mmUm 4 bj*!#.•#»« m»I ««»«, 
and tbi volwirte Wk 4 wwttwl «»4 »#?!♦ 

«0» sk«a|^ mrnmk ^ «l ^ ^ fmimim tb* 

XI wwlbe obsimA ^ ite tmi el «*iww «! |.se»*«» ♦, w 

fi ktt «km ef hf4p^C«'*«t m t i« i«» i»*. 
mma RMli wm tevwily p^^rteM) Ib ttis «! •fwl ?«!»»»* T%i« 

w eqari «W8Mty ol bMl tetrd^ Mt ^^mum bf r*. W» •!!*» *ffa.#«*#4. mm> 
* tel of ilAMtt «Mmm« ^rt WIf l*» »a|i Ilf. 

sdaWlly k h Mm m, i n iM» n k 

corrcii u ^ iff Tki* «t|t» 

te eontte ttto ae«,«(ay IM, ^ 
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combustion it is genomlly necessary that the oombustiblo substoncc 
should bo brought to a state of mcandeaoenoe. The continuation, of tho 
process does not require the aid of fresh external heat, because sufHcienb 
heat is evolved to raise the temperature of the remaining parts of th® 
combustible substance to the required degree. Examples of this are 
familiar to all from overy-day oxporionce, CombuHtion proceeds in 
oxygen with greater rapidity, and is accompanied by a more powtsrful 
incandescence, than in ordinary air. This may be demonstrated by a 
number of • very convincing experiments. If a piece of charcoal, 
attached to a wire and previously brought to red-h«it, be plunged into 
a flask full of oxygen, it bums rapidly at a 
white heat— i.e. it oombinea with the oxy¬ 
gen, forming a gaseous product of combus¬ 
tion called-carbonic anhydride, or carbonio 
acid gaa, OO 3 . This is th© same gas that is 
evolved in the act of respiration, for charcoal 
is one of the substances which is obtained by 
the decomposition of all organic substances 
which contain it, and in tho process of re¬ 
spiration part of tho constituents of the body, 
so to speak, slowly burn. If a piece of 
burning sulphur bo placed iir a small cup 
attached to a wire and introduced into a 
flask full of oxygen, then the sulphur, which bums in air with a 
very feeble flame, burns in the oxygen with a violet flame, which, 
although pale, is much larger than in air. If the sulphur be ex¬ 
changed for a piece of phosphorus,^^ then, unless th© phoaphoms be 
heated, it combines veiy slowly with the oxygen | but, if heated, 
although on only on© spot, it burns with an exceedingly briUiant whit© 
flame. In order to heat the phosphorus Insidd the flask, th© simplest 
way is to bring a rod-hot wire into contact with it. Before th© char¬ 
coal can burn, it must Ik) brought to a stato of incandosoeno©. Sulphur 

^ CorUlu iiuUntiiTU'ti!! (with which wo tihall afUwiU'ilH iiwiuatiitc'cl), liowowr, 

igiiito HiHiuUnoouiily i» air; hit cjxamiih', hnimra iihiwphurttttod hydrogon, mjUoou hydride, 
jthic ethyl, luid iiyrmihorvxB (very firndy divided inni, A'o.) 

« I( 80 Hlllo lieat i» evolved that the ftdjooent parts ore tiot heatwl to th« t^rnpemtare 
of coHibusUciu, then combuBtlou will eoate. 

*' The phosphorus must ho dry; it ia usually kept hi water, as it oxidl«#« In ftir. It 
should bo out under water, aaothenvlso tlio froiili(j«<ut8ur(rtr«oxidi»fl». It mwil be ArtSd 
oarofully and (luiokly by wrapping it h» hl(ittlngf-j}«V][«»r. If diunp, it splattoW 
A Htnall piitco whould bo taken, as nthorwiBO tho inm Bjxion wfll mttk. tti# Hif'’Ipi 
othor’oxiKiriinontH on oombuHtion, water ahould bt} poured wm tfto WPPM tbc veM#! 
oontaiaiug the oxygon, to prevent it from craeking, The ttie 

' not fit tightly, In order to allow for the OKpansica d lEbe Wk* dw *© lie 

eombusUoa. 



pjo. 50.—Miide of liurolng: wU- 
nhur, pUiMpliortM, Mdluu, Oe.. 
ID oxygen. 
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also will not boro orulor whilst |thttiphftrtta InflaniMi afc 40* 

Photphorui whieh hm i«jn Hght«l in air wtill ba 

intrcKluaetl iutu the flaak, it bunm r»r| r»|»i4ly an*! with a larg# 

flttoie in air. W a smaU luwp of mpliilUe mHliutn W pul iis » small eup 
raado of Umo,** ttwltotl, muI igiulwl,*’® It hurim %-©fy (rvhly in air. But 
If burning aodium l» intrwluwl i«t<» fin* rsi!»lniati««n k in. 

vlgowifci^ and b ae«»w|»»W by a brighl4>r y«4l«>w iUtmK Metaillo 
me^mdum, which liurns brightly In air, «ini»nu«« i<* burn with 
itdll gwator vigour In oxygi»n, forming a whit** whsrh k a 

eomptmml of wugnwiwa with {tuAgnmmtn usulo, 

A il«p of »«»« s»r «torl 4r^« not buro Ia 
air, bul an ir«» wirt» i«r «i«4 Bpring may 
burnt l« «xygon.,®^ The rombui- 
Ikmcif itoal m imti In t»x|gon l« n«»t 
P«l«l by ft but «.|iark« »»f oxide fly In 
all lUnwtituiii froei il» burning of 

yb« twtt,’* 

In tintar Ut ti»»t«-«tr»i« bj ii*|ipri»iol 
^ */ in oxygm, a 

pwHKwiuetlnii tttW, Wirt «» m to f«n» 
a ftwfwtenl |«l, is Iwl fmw ih« vi^i 
b|tlitip«. Tli» hj*irt*gpri I* ftitl 
•I* Ughl Ici In air, and ih«'fi th** g**>«»* 
dtioiing tub®‘ii I# down Into a »tit#inin|; «iyfK»«, Thw roioboi* 
tdoa in oxygta wUl bo dmilar to that la «ir; ihe fl*a» remaiai 
nolwitihi'tMidlng laoi that lli t«Bp«f»iw® rt^ ©fii<4iii«y|. Il ta 



* A» Iwu mip wiU wuh in rnffm 

®* In owi«* k> nijMiy ttml lh« Iswb »<«rsy*» llw mahmn, U i® to lfc« 

flWJM of ft Ww.jrfjw dwerltiw! n# Vitt. 

*’ In wflttr ki liftn n wslrli wjitiiig, % «. laisal itt. a 

iiltec«i and dd^) ii ftltoeJwJ k« i,*« ©nji. fij* la «»,| »,« m tfe«« 

bate Uj« oxyjm. IRm fettntiag to*b# h«l# •».! t4 ttt« l>»» lw«*«4 

part wars*, md In » batto fw^lw trf i**» wipg. aVi«lt ilwti hsinf 

If wStetart b« p^»i, 

,. .^2*ofimrtw*]^«4»4,©whigteth»ibits*»“I 4 

li^r ^ tot «H to nimm 4 to #*4 « to i.M ». *..4 *»«. 

Ml to «i4« or to i»o», to ^arnim »iirt ^ |.^» . ft w.4 
Soa^ ^pte Mw taw^ is to e««tm«li«i 4 !««, k tokm mmm 4»-. W» •*» to 
k^wttten 4 k to lulftwliwliaa. !« to «4 !*>« «»4i.®.» »|4inWi» 

mA bum te to trfr, w i* ft* to f»ei sisas «ta}»i Siir# 
jwttgh to sir ibsy waak ni ^ ^ ^ •f* k* I* w 

^ l» wltti «»s». m •»»» mm rJ*« »*• 

^ ^ ««»* mW 4 l.f to tm. 

®o -fw hftfttoi Ptwim rn^m irttt*tki* 4 m 
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fnstruotivo to remark that oxygen may bum In hydroffen* Justf a® 
hydrogen in bxygen, In order to show the combustion ol oxygAn in 
hydrogen, a. tube bent vertically upwards and ending In a fin© orifle® 
is attached to the stopcock of a gas-holder full of oxygon. Two wiins,, 
placed at such a distance from each other os to aUow the passage of a 
constant series of sparks from a BulimkorCrs coil, aro fixed in front ol 
the orifice of the tube. This is in order to ignite the oxygen, which may 
also be done by attaclfing tinder round the oHfioo, and burning it. When 
the wires aro arranged at tho orifice of the tube, and a series of spark© 
passes between them, then on inverted (because of tho lightness (k the 
hydrogen) jar full of hydrogen is placed over the ga®-oondao(dng tu W 
When the jar covers the orifice of the gasmonductlng tub© (and nok 
before, as otherwise on explosion.might take place) tho cook of tho gaso* 
meter is opened, and the oxygen flows into tho hydrogen and is set light 
to by the sparks. The flam© obtained is similar to that formed by th© 
combustion of hydrogen in oxygen.*® From, this it k evident that th© 
flame is the .locality where the oxygen combines with the hydroge»> 
therefore a flame of burning oxygon can bo obtained ha well as a flam© 
of burning hydrogen. 

If, instead of hydrogen, any other combustiblo gas bo taken—for 
example, ordinary cool gas—then tho phenomenon of oombustlon wiU 
■bo exactly tho same, only a bright flame will be obtained, and the 
products of combustion will bo differont. Ilowovor^ as coal gas oon* 
tains a considerable amount of fro© and oombinod hydrogen, it wiU also 
form a oonsidorablo quantity of water in its ooinbustjlon, 

with oxygon by byflrogen { whon thin fine t# ntawn (» afr, It bum* by lt«i^,®iwo 

yirlthout bolag previously heated (it form# a pyrophome). TW# obviously dipmd* cai lh§ 
iftct that Uie powder ol iron preeente a larger ratloee ^ eontoet with ftlr thiua 
weight in a oompoot form. 

w The experiment may be eonduoted wittiout the wire®, II the hydrogen be lighted to 
(die (rridoe ol on inverted oyUnder, and at the eome Ume the oylinder be brought over the 
end of a gaa-oonduciUag tube oomiootod wllb ft gae-hold®r oonteinlng oxygen. Thomwn'a 
method may bo adopLotl for ft lecture experiment. Two glftBS tube#, with platinum end#, 
are iiaBHOtl through orlfteoB, ftbtmt l-lj centimotro apart, in a ‘Oorlt, One tube ft# eon. 
noctud with tv gaB-holdcv ootttaining oxygen, and tho other wiU» a gM-hold«r fuU (A 
hydi'ogen. Having tunied on tho gfVHeti, tho hydrogen ia lighted, and a oonitnon lamp 
glftsfl, tapering towardfi Uio top, ici plocod tivor tho cork. Tho hydrtvgon continufiB to burn 
inaido the lamp glasB, at tho oxiwnBe ol Uve oxygen.. If tho eumnt ol oxygen be thta 
deoreosed litUo by little, a point i# reoohed when, owing to U»e Inauflloieut supply d 
oxygen, tlie flame of the hyitsgen iammses in aim, diftappooM lot eevend momwto, 

Own reappeora at tho tub© wpplylng- Oie oxygen, H the flow ol osypm h« 
croaoed, Uie flame reappear# at th© hydntgon tub®. Thus th© flam® WMif b © 
appear at one or the other tube at will, only tlie ineraas© or d©er®M» «f Wif aSBSWi w 
ga# muat toko place by dogroofl and not Buddmdy. Farther^ Sir Wps. fiWtdo w 

oxygen, and ordinary ooabgas inMl«a<'l of hydrog», and it V® b© rttCWtt hoW 
bum# in an atinoaphere of eoal-goB, and it ©on b© proved thttS tba ISittF glsfiS w 
full ol ft go# oombustibl© in ohr, beooue© it nosy b® lA{b 
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II ^ ffikidi ki ihi' proprilon In which Ihfjr 

Ihno wfttor—i.«, U two volnroti of bytir«Ken !»« tnken for meh 
volttm® of oxyfiB—ttita ths ttklor© will \m tho tiirrse &» ihai obtain^ 

by lli» tIi'mrii|K»ision of water, 

by % galvanie currtnl—iJitto* 

fM. 

\V« havo alftmtij maa. 
la the Iwt chapter 
tlwt thfi eonibiiwtlott uf tliM® 
or ihelr ostpUmton^ may 
b« bfuwghl aboul by ih# 
»tic«t of m idix'toe tfmrk, 
b^tt» th» »|mrk hmii the 
•ippo thfWi^ whioti il 
tkbd «»ii»|n«iily la % 

»4aii«r iiiplkr to Ifsifekw by 
»«»• dl eutttoet with « la* 
m barn! tin *ttb» 
^ Ck^emiMi ml4« 
Ihte on il» IfttiUott 

rf dbbmtliif ^1, al Ih© «id 
irf thi iMt OtWlittlJ, l« tlw 
apjwmtM in %. 31. 

^ wnvwtaftl, 

S ^22 tm lt» vmmm '^^►1 It tmy 

tttfkt »h« fete i FS»«i, ti ^ 

1^ wu. M«iweit (• 



with 




•fmrl: 

im tt» w«w 'y^ht 
i^n h» bra^t aiwat In » 
fh^ w**l, «td ch». 

ial»l« rtili tiBplny iWt ii»tlKdi 
wtptt ll 4 i re^ulmi to igolte 
& mktew of oxypa with k «obttrtbk ^ to a rmrnl For ihlt 

pwpoio, wpoeWly dftO® li»%* iur h •t«plfty«d. 

It ooxuM ol k mA ^ ptimM atog lit in wiUi- 
MMilf ho^ dt th« mmmfj e^iain), tnd m^ihmUA 
fof » f^tuBt (waight of ntrtttiy). Two pk4tatt» wlw'* bmw 

bnfe feW l« mm will W »e 

Qiaricn, but PMtwU Ittftunt tt k tm teiB B A bffaiMH. ^ bt 

5a>8»p «l tbe oamafe. w fmi wy »»» 

**“• ^ f »# 
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fused into the upper closed end of the tube, as shown in 6g. 32.®* By 
the aid of the eudiometer wo may not <?nly determine the volumotrio 
composition of water,®® and the quantitative contents of oxygen in 

3' They must be aetded inko the tube in auoU a manner aa to leave no apor- 
turo between them and the glass In order to teat this, thoeudiometer ia filled '| p 
with moroury, and its open end inverted into mercury. II there bo tlm 
ajaalleat orifloo at the wlrea, tho external air will oiiUir into the oyliuder and 
the moroury will fall, although not rapidly if tho oriflee bo very fine. 

Tho Qudiomotor is used tor dotermiuing tho composition of comlniHtililo 
gasoB. A dotailod account of gm analysis would bo out of place in this work 
(see Noto DO), but, as an example, we will give a short deaoription of tho 
dotorraination of tho composition of water by the eudiometer. 

Pure and dry oxygon ia first introduced into the eudiometer. Wlien the 
Qudiomothr and tho gas in it acquire the temperature of the surroandlng 
atmosphere—whioh is reoognJsed by tho foot of the meniscus of tlio meroury 
not altering its position during a long period of tlme—tlien tho heights at 
which the mercury stands in the eudiometer and in the batli aro ohsorvod. 

The dlflforenoo (in milUmetres) gives the height of the column of meroury in 
the eudiometer. It must bo reduced to the height at which the meroury 
w<?uld stand at 0® and -doduotod from tlio atmoapherio pressure, in order to 
find tho proBsuro under which tho oxygen is moasurod (ise Chap. L Note 80). 

Tlio height of tho moroury also shows tho volume of tho oxygon. Tlw tern* 
poraturo of tho aurrouricling atmosphoro and tho height of tho harometrlo 
column must also bo observod, in order to know tho tomporaturo of the 
oxygon and tho atmospliorio proasuro. When the vulnmo of tho oxygon has 
boon moasurod, pure and dry hydrogen is introduced into tho (mdiomoktr, 
and tho volume of tho gases in tho oudiomotor again inoaaurotl. Tlmy aro 
^hon QXplodod. This is dono by a Iioydon jar, whoso outer ooatiiig is con- 
nootod by a chain with ono wire, so that a uparlc passow wlum tho ulhor wire, 
fused into tho ovidioraotor, is touched by tho teminal of tho jar. Or eko an 
olootrophorns is used, or, hotter still, a Ruhmkorff's ooil, which has tho 
advantage of working equally well in damp or dry air, whilst a Loydon jar 
or olootriool machine does not aot In damp weather further, it in H 0 oo 8 sai 7 
to oIoBO the lower orifloo of the oudiomotor before th® explosion (for this 
purpose the eodiomoter, whioh 1» fixed in a stand, is firmly presaed down 
from above on to a pleoe of indlo'rubber ploood at tho bottom of the bath), m 


1 »T!mi v< I \ 1 "> a \ ” 


explosion. It must also be remarked that to ensure ooraplete combustion 


oood twolvo of hydrogen to ono volume of oxygen, or fifteen volumes of BudJom^ 
oxygeu to ono voluuui of hydrogen, bocauwt no explosion will toko place If 
ono of the gasos bo in groat oxcosa. It in best to toko a mixture of one volura® of 
hydrogmi with several volumos of oxygon. The combimlkiu will Ihon bo oomplolo. It 
is evident that water Is formed, and that the volume (or tension) m diminitthe<l, so that 
on opening the oiid of the eudiometer the meroury will rise in it. But the tension of the 
aqueous vapour is now added to the tension of the ga« remaining after tho explosion. 
This must be token Into oooount (Chop. I. Note 1). If but little gas remain, the water 
which Is formed will be suflSoient for its sotumtion wiUi aqueous vojiour. This may be 
loamt from tho foot thot drops of wotor ore visible on the sides of the eudtmidieraltMr 
tim moroury has risen In it. U there bo none, o oertain quantity of wotar IttiM 
duced into the eudiomotcr. Then iho numhor of millimetrea tto prtMMM of 

tho vapour oorrosponding with tlio tunqieroture of the ttWt be subtrooted 

from the atmospherio pressure at which the remaining gM to otherwise Ube 

result will ho tnaoourota (Oliop. I. Noto 1). 

This is eMenUoUy the method of the determination of tte eompoeltlon of 
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Air,®* bat »l»o a oomW’^ ©xpwrfmwii •Rplftittlng ikK> pb^WB#. 
non of wmbaiUon, 

Thus, for exftCopK It m«.y be by tb« &!»! of tha 

oadiomeiw, that for the ignition «f tktormling g**, a kmij.mrMun 

is wjaired. If the temp.rmiure l)« t»f»)ow that rw|ttiw}, ecunbinatiott 
•wlU not tuAia pkws, bat if At any tpot wiihio y:w taiw It nit** to th« 
toapbwttow ci lafti»»atAwttt thwi «a«bl»ti«» will mwm at tli*t »pcfb 
and mdm tncragh h«t for th© ignition of the portions of ^ 

detcmating mixture. If to 1 vol««w of ilcitfiMting |m llww \m adtidl 
10 Yfdonjt* of {jxygon, or 4 irolamei of hytln^n, w f vrfuiflM ^ 
wrtmnia anhydride, tlwn we shall not obtoia an «x|dc»rftfO l»y |««lng 
ft ts^k through the dilutwi inktura Tlik do|ws«li on tibe fact that 
th® tempimbw foUi wirii tiHilkio of ll» dbtouatlng pA by toothw 
pS) bpattSi the h«t tvol’ri®d by the €)omblf!ftti«» dt the wnaii c|tt«itlfcy 
of hydrog«B lund hro^ht to ia«uad««®8ii» by ll» tparh i« not 

only tem«aitt^ to ^ wator pi«e#dUoi f««i the eombiMtIw, bat 
ftlio to the fordp wbttanws ml*«l with dulfwafelnf p*.** "Ihi 
ne^ity ti a dffinito tmpmtere for ^ of tletcaAtlng gu k 

•to iMBi finm iik«t iM is iho piwMft 

xi ft wd»h# hm wto% «? et A«r««iJ to S7»*, btfe with m fowr 
4v®i of towoftd^ewiw tibwt b uiy 0 S|ilc«l«». It may ato be 
broni^t ftkmt by eompiwitoa, whmf m to Iiwto, toal to 


WM m$M (far to* ftfrt ten by «ei ll«k44l srttb iw®eto«i wiwMf, 

Thah d«toswJwkli»» 1*4 Umb te lb« »ww4i^» «•!«« «4 t»o to 

by4^(*iTO (mm «»*% tow, b» D« ^ mm wiem rf wn^. Btwf Uaa 

toif took tt rtf iyb« p« iA«r 

"Wbrn t% took ui mma d #» w* «s^ whw to* 

imdi hj4«*«9 w«« l«lm to to» atoW mo fsm toi 

«ltar tha e«pBrig« dt nwtisr wm tow 

OeMwning tohi ap^tetomet blta^w. lt«M 

to nmMmed m fllaAfttoog to« rurliMw mm ^ I'M- Tlnwiw 

'@a|Ae|«4 MaU wtewMni to tot WMh d p« #Ma tah 

toal^iTMflf |3«Pkto 

Thw|^ian»4riM»b«^«M(,wi •fwrf mum^^ma tdta^ ^ 

m wiwwwrf rit 

•MM to «® r*B*Af p»f^ Ite 

hm mdmA «tt»A to 

toJlf .wawWftMftf ^pw% to« to* (rf toi h^4R#»» 4*« 

hwtefl* MpwmMlMto,* wtottaa et pb^tett» (» Mm i »swiw.mtoi 

«11» Ho* tom 
l*l^toa»'»few to to 


»to4 but plaUftTO to m to# »frtWt w h amm la feta »A irtaniM h|i»i» 

>.gy. MMyftto«»^g»AiiplMi*(lfr|,lf«i»»,«ittli»i4i4A 
^*PP b»e si t«»pi»to».a» slite 

X-m riwwfh tto ito# tewte at &m b^» «i 
AD oKto d toi# M»4 A«r toal tow wqlMM: dt MtowiMi^ ipa m» 

M ^ aoay ^ pbmmmsk k tmAm mAbw^Sl ^ ^ 
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Experiments made in the eudiometer showed that the ignition of 

roeoarqhjos o? V. Moyor (180i), Ho Bhowed that only-av^ bIow fonnatloo ol eto&uo 
begins at 446°, and that it only proceeds more rapidly at 616° The temperature of (|he 
explosion of detonating ges, aooording to the some author, varlos aooording as to whethes 
ilio explosion is produood in open vessels or in. closed tubes. Iii the first ease tho tern*- 
poraturo of explosion lies betwoon 680°-606°, and in tho sooond hotwoon b80°-780'*'. 
in general it may bo romarlcod that tho tt'inporaturo of explosion of gaseous mixtures is 
always lower in closed vossols than when tho detonating mixturo flows freely through' 
tubos) Aooording to Proyor and V. Moyor, tho following gases when mixed with tho 
requisite amount of oxygon explode at tho following tomporaturos i 


- 

When flowing freely 


H, 

680°-780° 

680°-y00° 

CH4 

C60°-700° 

006°-C60° 

CaHo 


oeoo-eooo 

Ootlj 

fl00°-fl60° 


ob 

0B0°-780° 

CB0.°-780° 

HaS 

816°-8a0° 

26()°-a70° 

Ha+01, 

480°-440° 

24l)°-270»' 

_____ 


The volooity of tho transmission of explosion in gaseous mixtures ^s ait oharootiMristlflt 
a quantity for gasoous systoms as tho velocity of tho transmission of sound. BorthOlot 
allowed that this volooity doponda noithor upon tho proasuro nor upon tho else of the 
tliboa in whioh tho gaHOOua mixture is containod, nor upon tho mfttorinl out of which tho 
tubo la mado. Dixon (1601) dotormlnod tho magnitude of tlioso volocittoa for various 
mixtures, and his results proved very near to those previously given by Borthojot. Poc 
comparison wo gtvo tho volocitios oxproosod in motroa per socond: 



Dixon 

■Berlhi'lot 

Ilfl-i-O 

3,631 

3,610 

ng + N..O 

OlTj + iO 

Oolfa + OO 

3,805 

2,833 

3,364 

3,367 

3,864 

3,910 

OaHa + 60 

3,801 

3,483 

OalSra+40 

2,831 

2,195 


Tlie addition of oxygen to detonating gae towers the velocity ol the transmission of 
explosion almost as muoli as tho batroduotion of nttrogen. An exoess of hydrogen on tho 
contrary raiaea the volooity of transmission, It is romaVied that the explosion of mhetueos 
of> oxygon with marah gas, othylono wid oyono^en Is transmitted more quickly if the 
oxygon bo talwn in such a proportion that tho carbon uliquld burmlq oxido of carbon, $,&, 
tho volooity of Uio oxphiiiion is loss il tho oxygon ho taken in Buiheiout quantity to form 
oorbonio anliydrido. OhsorvationB ui>on liquid and solid oxploaivoB (Dertholot) show that 
in Uiis GUBO tho volooity of transmlssloh of explosion is dependent upon tho matoriol of 
tho tube.' Thus Uio explosion of liquid nltro-methyl ether (n gloss tubes travels at tho 
rate (in dependenoe upon tlie diam., from 1 aun.*’46 mm.) of from 1,690 to tl,46& metres, 
and in tubes of Britannia metal (8 mm. In diom) at the rate of 1,960 metres. The harder 
(he tube the gireater the velocity of troasmisston of explosion. The following (Vt% tb9 
7 cloo|tl@a for oertain bodies; 

metres 


Nitro.glyoorlno y c 

Dynanritp v * 

Nitro-mannile • 

iBiorlo aoid » « » 
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t. IfiOO 
t .t %m 

p ^ 7t700 

« ^ 0,600 


I 


! 

























173 -pSWCI^IXft Of ri!lXl«T«Y 


cfetwfttiflf ^ tftfert pl*m rt m Urn^rnmm bctw^ft 4fi0® mi 
600'’* 

Th« ttimbittalioft »f witli I* *wm|»ttii4 by 

evolutltift of 1 , vrry r«<frtl4f‘r«b1<i’ m.mmnt «f tir»l, accurdlcg to the 
ctel«rBslitiatii*ft» of Frtpw wi«l SkUM-nmmm^^^ 1 |«fi bj wrigisl tif h^d»» 


I» wwetofci w m&f wM IfeaA M«ll»f4 «fs4 t» l*li*Wl 0 t ill»S) wfewf# h &§ 

^ I «f i«t**t}»if g** will* B »«!»»«§ mi m tosrt 

|w»ww« l« #«n»t I** 

Vmm v»flf »4 lli* ftmmlg*U>m *4 lb» telwi «4 f| 

Wtglii !»«> ilt«t rvmrmihto fwmlk'm r*! ilia* fjjfiiialfeia o{ 

fcwl {1 Imkmigs U‘ Itti* HttwWfl w«aw»««if» fti mMm fmrnfmimlum m fti wW* 

Wgiiw. Ami »t» mmnr As» ** t'nl m mmf hm ferwi 

U»® f4«t« (is Iks* al *»•#«»•, wkwj »l»fc!ft*linf fw »*|4»*«tsii, Ui» efciiili* *4 8i^s#w* 
'npmi »ttl «wJf *>«» B»'i tMf il kM4lf »«!#« 

Ibe «ttowil »l tfe» |if«4sKia «4 t)*t ilwfw itm imi-, m(m m 

k f«l kwwHi »f tewm* *4 44*w*toltr* i f8| |te»* lfe» laiiwi.w ».f| IM Iw 

pmtwft iblifWA |4«w» f*lt» »w» fc» liw tit4iBa#f wlm 

mim »M iiwflw w»iw«ilf mm *«* (i*»*j<t4*i«4 *»4, j*%to* ib« 

MWWIfflIwtdi hf 1>. I*. K»»»i»f»it4f H«lfs*t#ellw, X«i« 991 m4 ss|is#f«. II I* to 

ybB dt l iJI rtf *f g 1*^ ^»w II** wm 

% fc» % mmk !«• 4^?». tli* ^ 

b«« * mMm* *4 lAm k^ 

^ mmiUm te wttWk vm 

pw* ta Hi lii»4 

* *4 ta*l •»4»l im ib« 

%. toowft sp^ki |f*« t «l % fl*f« «b» 

te (fatefwlB^ Ilf il» rw* in ^ 

wiMNf, to wlifcA tt« »|i»*|* t4 ttj« tw«i m 1^ 

eamtaiW** In |jf»**«il^4 A 
ly^l to Bg i», <i» r#^*|4*|#^4 kft llrt* iwfiwi** Il 

i4 ». 4bte ft# !af4»# iImA II tmf 

CAfti It » mu^mum frf 

1 ^»A| hf Aomn |#f, »»f ww 

ettw t«*l isf lw*l, ftswl irf» «al*f nwtotlte 

Tfei» te te efsliBf 14*1 llw fcg*»l 

*4 lnw* »ii»*-»i*t4 h» l.i*l ffwin ttw 
8 ’Aim i« stwikf • • ^s^-fWii ksw, 

wiw» t»f f f*>lifiriii*if •i|^ri* 

«*#w mst 4«l««titei«»f ito Ml 
te rfiff ft 4«tf«4k# 4 lifftPl m », 

A# wwjifa kI «4^»f *««*•»!• T4* w«l#f 



iflbiak ii#-■'J1-. i^.ii .... n. .. I 

^ t» late ttw mmd, Tt*# *ll«wf 

ef iM il* iif»w «f »*!«■ btiiig 4ra*g4i to li# «*• 
taf tta 4 H« to»»t**“^**-*" 

lUe ftwfar&tes. m ^ w«ta to A® 4 lt*«W 

(Uw vM««k, tabes, *fc| to wW* ftt lt«l m Iiw««ttto41« pmvkmdt .l«i#»«i»to«4, 
wanw-ftaotawaBrtteptitoBlww^^te^titalfeiwfati^itfto ifator- 
■ ^ w»b««too Ite^ k «mM «la wmml «. »8l»#few» 

to tatwftwA^ttiawigb tbe Mm »> Am k% l^iUf. I* %. W *« 

Iba Qombiultott b M ^ tate «, ^ ^ < 








gen in forming water evolves 84,462 units of heat. Many of the most 
recent determinations are very close to this figure, so that it may bo 
taken that in the formation of 18 parts of water (HjO) there are evolved 
69 major calories, or 69,000 units of heat-®'* If tha specific ftecU of 

in the vessel a (If liquid or solid), or oscapo by the tube / into an apparatus in which thoir 
quantity and propottios can easily bo dotonninod. Thus tho boat ovolvod in ooinbustion 
passes to the walls of tho vossol a, and to tho gaeos which are forniod in it, end those 
transmit it to tho wator of tho oalorimotor. 

Tliis quantity of heat oorrospondswith tho fornwtion of liquid water at the ordilnvry 
toraporaturo from detonating gas at tho some tomixaraturo. If tlio water bo aa vapour 
tho boat evolved m 60 major oolorioa; if as loo « 70'4 major colorloa A portion of tliia 
heat ie duo to tho foot .that S vols. of hydrogen and 1 vol. of oxygen give 9 vole, oif 
aqueous vapour—that is to say, contraction ensues—and this evolves heat. This quon* 
tity of heat may 'be oolcnlated, but it cannot be said how muoli is expended in the 
jseparation of' tho atoms of oxygen from each other, and, therefore, strlotly spooking, wo 
do not know the quantity of heat which is evolved in tho reaction olono, although Uio 
number of units of heat evolved in tho oomhuotlon of detonating gas is accurately 
known. 

Tho oonstruotion of tho oalorimoter and even tho method of determination vary 
oonsidorahly in diCoront oases. Since tho beginning of the nineties, a largo number ol 
dotonnlnations of tho boat of combustion havo boon conduotod in olosod bombs con¬ 
taining oomproBBod Oxygon. Tho groatoat number of oalorimotrio determinations wore 
made by Bortholot and Tliomaon. They ivro given hi tlieir works Jiami cle mdcaniquo 
ohimiqtio fomUo mr la tkormoohimio, by M. Bortholot, 1870 (2 vein.), and th&mxo- 
ohemiaohe Unterauchunffon, by J, Thomson, 1880 (4 vols.) Tlvo most imiiortaiit methods 
of recent thormoohomiatry, and all tho trustworthy rosults of experiment, oro given in 

I*. F. Louginin’s DcscrCpiion of tho IHffxirmt Modea of Determining the Heat of 
Oomhuation of Organia Comjiounds, Moscow, 1804. Tho studont must refer to works 
on Ihooretioal and physical oluimistry for a doscription of tlio olonionts and moUxods 
of thormophomiatrg, ioto. tho details ol which it la hniKissiblo to enter in this work, Ono 
of the origbiatora of tliormoohomistry, llosa, was a member of tlio St, Petersburg 
Academy of Soienoos. Sinoo 1870 a largo amount of roaoaroh has boon oarriod out in 
this province of oliemistry, ospeoiiUly in Pranoo and Clermany, after tlio investigations 
of Uic French Aoadomloian, Bortholot, and Frotomor Thomson, of Copenhagen. Among 
Bussions, Bekotoff, Longinin, Cheltsoff, ChronstohoiT, and others ore known by their 
tbermoohemioal researohes. The present epoch of thermoohemistry must be ooneidored 
ratbor as a ooUeotivo one, wherein tho matmiol ol facts is amassed, and the drat oouse- 
quenoos arising from them ay® noticed. In my opinion two essential eiroumstanooB 
prevent tho imssibility of doduoing any exact oonsoquonoos, of importanoo to ohemiool 
mcuduinies, from tho iinmonao store of thormoohomiced data already oollooted : (1) Tho 
majority of the dotonuiuations tire oouduotod in wciUc nquooufl solutions, and, the boat 
of Holution being known, are rofoiTod to tho substanoos in solutitm; yet there is much 
(Cliaptor I.) which letwls to the oonolusion that in solution water does not play the 
simple part of a diluting mediiun, but ol itself acts independently lu a chemical sonso 
on tho substance dissolved. (9) Physical and moahanionl eliangoB (doevoaBo ol volume, 
dii^usion, and others) invariably proceed aide by side with ohemieal chiuigoa, and for tho 
present it is impossible, in a number of Oftses, to dlslinguish tlio Uiurnuil efloct of Oie oue 
and tho otlier kind of change. It is evident that Uve ono kind of ehanga (olxemioal) is 
essontiiilly inseparable and incomprahenBible without tlio other (nieohanical and pbj^- 
ool); and Uioroforo It seems to mo tliat tliennochouiiool data wUl only aoqnire their true 
jmeaning when tho connootiun hetwoon the phenomona ol both kinds (on the ono hand 
chemicwil and atomic, and on- tho otlior hand mochanioal iqxd molecular or between 
entire mosses) is explained more olearly and fully than is at present tho ease. As there 
Is no donbt that the simple meahanjoal oontoot, or the action of heat alone, on sub* 
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«i|wr ^■'18) mmaimd ilw 

4«i ihiit III lA*i Alcsnsllfif g*U feii<r» (liitl &«rt 

Is mw on ilt'wht ttta.i It m'Wi llw «w}lni*it«ii 

f»n«i I'tsliil* (tmt- It tx:«!ris In tfio whnl** i*«tui«n of a wnm tb«i 

xm from rAclimisifi ttpl ri^*fs4uels<jfn, anil sli»l m$ 

take ptei— itol dU iiol R Wiwisfjjt ilw 

«£yp% wad water »»# ftWiil f% smM^ !« 

iM «■/It WiHlW tlw’ll Imi 

In rMIty It li v«r| wucli lawer, IimI ll fa Ref#rtlfe|«ifts liigl»f>r iIim, ihi 
l«TO|i#mt«re illalnwl In f«,rnflke#i »ntl «iiti t* m t>i||h m 

iTho oxjulositin of ilftteMlIitf g»a I* ti|4iiii©*l l‘y tlifa high 
bf««» tl« ftftteOtti vtpo«r Iftrwirf iatt»l » wt4ttiii» ml l«t 

ft ti»« pmlir IhaR IhtI Ihd 4«tettsiliif ga« at ih« «tli* 

wmy Bttofttilni gat wnlta • mmnA, mt only m a €«• 

0f As wlileh fnm ilie rik|»ltl t«»|«»iw dl 

A« hmted mpMf, teit »!« fl la folkwdi by m 

««4fng Af c«¥iiilQfi Into walw* anti a impUi 
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Mixtures of hydrogen and of various other gases with oxygen 
are taken advantage of for obtaining high temperatures. By the* 
aid of such high temperatures metals like platinum may be melted 
on a largo scale, which cannot bo performed in furnaces heated with 
charcoal and fed by a current of air. The burner, shown in fig. 84, i§ 
constructed for the application of dotonatirm gas to the purpose. It 
consists of two brass tubes, one fixed inside tno other, as shown in the 
drawing. The internal central tube 0 0 conducts oxygen, and tho 


outside, cirvoloping, tube K' E' conducts 
hydrogen. Previous to tliolr egress the 
gases do not .mix together, so that 
there can bo no explpsion insido the 
apparatus. When this humor is In 
use 0 is connected with a gas-holder 
containing oxygen, ond E with a gas¬ 
holder containing hydrogen (or some¬ 
times ooal-gas). The flow of the gases 
can be easily regulated by the stop¬ 
cocks 0 H. Tho flamo is shortest and 
evolves tho greatest heat when tho 
gases burning are in tho proportion of 
1 volume of oxygen to 2 volumes of 
hydrogen. The degree of boat may bo 
easily judged from tho fact that a thin 
platinum wire placed in tho flame of a 
properly proportioned mixture easily 
molts. By placing tho burner in tho 



tto. 84.~eft{oty bvimetr for fletonatlng 
gai, dagcrlbed In text. 


orifice of a .hollow piece of lime, a cruclblo A B is obtained in which 


the platinum may bo easily molted, even in large quantities if tho 
current of oxygon and hydrogen bo auflloiently groat (Devillo). Tho 
flame of detonating gas may also bo used for illuminating purposes. 
It is by itself very pale, but owing to its high temperature It may 
sorvo for rendering infusiblo objects incandescent, and at tho very 
high temperature produced by tho detonating gas the incandescent 


jpolaer qf qm engiMt. In this oabo advantage Is taken, not only ol tb® pregaure pro¬ 
duced by tho oxploalon, but algo of that oonkaotlonWhloh takoa plaoo after the axploalon. 
On thta 1 b ba»ed tho oonBtvuotlon of aevotal motors, of whioh Lenoir’s was formerly, aud 
Otto’s Is now, the bo«l known. Tlio explosion Is usually produced by cool-gas and air, 
but of Into tho vapours of combusHblci liquids (keroseno, bensene) are also being 
Ottvploj'od In place of gas (Chapter IX.) In Lonolr’g ongtno a mlxtor® of coal-gas ana 
air Is Ignited by means of sparka from a RuhmkorC’s ooU, butla tho most rooeutmoohlnea 
the gassB ore Ignited by tho dlreot action of a gas jet, or by contact with the hot walls at 
aiddotube, 
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a »twt tnlm^ liilti For tliii iaai|, 

tiiaiA, nr miih of iim»r«tiB} «** « t!j»| »r»« ft«l fuslbin ^ 

t)sp %pr^ Mgh ptushnl !«| tl»w tiftiismUiin A *ttill 

«yU«4er of iw»» i^kctJ s» iW llasMif* »f tlp|*»Jij4i»f4g if rpKukl**| ^ 
tti« r«|ttln*4 pflittil* ^ivm a ■'-wry lirsllwnl wltito ligiit, »|iioh w« nt m§ 
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Among the phenomena accompanying the combustion of certain 
aubstances, the phe^wmenon of Jlame attracts attention. Sulphur, 
phosphorus, sodium, magnesium, naphthalene, «S:c., burn like hydrogen 
with a flame, whilst in the combustion of other substances no flame is 
observed, as, for instance, in the combustion of iron and of charcoal. 
The appearance of flame depends on the capacity of tho combustible 
substance to yield gases or vapours at the temperature of combustion. 
At the temperature of combustion, sulphur, phosphorus, sodium, an4 
naphthalene pass into vapour, whilst wood, alcohol, oil, Ac., are decom* 
posed into gaseous and vaporous substances. The combustion of gases 
and vapours forms flames, and therefore ajlcme ia compoaed of the hot 
<md incandescent gaaea and vapours produced by combustion. It may. 
easily be proved that the flames of such non-volatile substances as wood 
contain volatile and combustible substances formed from them, by 
placing a tube in the flame connected with an aspirator. Besides the 
products of combustion, combustible gases and liquids, previously in the 
flame as vapours, collect in the aspirator. For this experiment to 
succeed— i.e. in order to really extract combustible gases and vapours 
from the flame—it is necessary that the auction tube should be placedf 
inside the flame. The combustible gases and" vapours can only remain 
unbumt inside the flame, for at the surface of the flame they come into 
contact with the oxygen of tho air and bum.^* Flames are of different- 
degrees of brilliancy, according to whether solid incandescent particles 
Occur in tho combustible gas or vapour, or not. Incandescent gases 
and vapours emit but little light by themselves, and therefore give a 
paler flame.^® If a flam© does not contain solid particles it is trons- 

of BulpburoTia tmhydride, aad thorefoce tho highoat pomfblo ten)|)oralnito of the flame of 
the aolphur in oxygen will be or 7S6S°. In tho some auume; it may bo oalou* 

lated 'that the temperatnro of ohnxoool burning in air oonnot exceed 9,700^, while is 
oxygen ft may attain 10,100*^ 0. For this reason the tomporaturo in oxygen will always 
bo higlior than In oir, although (judging from what has been said rospeoting detonating 
gafl) noithor ono tomporaturo nor tho other will ever approximate to the thoorotioal 
amount. 

Foxaday proved this by a very oonvlnoing oxporhnont on a oondlo tlonm. If ono 
arm of a l»nt gloss tubo bo placed in a oondlo flomo above tho wiok in tho dork x>ortioa 
of tlm flame, tlwn the produots'of the partial oombustion of tho stearin will pae® up the 
tube, oondenee In the other armj.abd eoUeot in a flask placed under it (fig. 86) os heavy 
white fosaM which hum when Ughted. If tho tubo bo raised into the npper lumi¬ 
nous imrtlon of tho flame, then a dense black emoko which will not inflame oooumulates 
in Uio flank. Lastly, if tho tube be lot down until it touohes the wiok, Qten Uttbbst 
'eteoria acid condonsos in the flask. 

^ All trasmiKwrcnt substanoes whioh transmit light with peat ease (that is, whicb 
abeorb but llttlo light) axe but little lominouB when heated; so also sobstsooea whiolk 
abeorb bat low beat ir(vya» whan hoatad tmonmit few riys (d 
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of oxygen—be insufficient for their combustion the flame smokes, because 
the unconsumed particles of charcoal are carried off by the current of 
air.**^ 


•I® In fia^nea the eepwate parts jnay be distinguished with more or loss distinctness., 
That portion of the flame whither the combustible vapours or gases flow, is not luminous 
because its temperature is still too low for the process of combustion to tahe place in it. 
This is the space which in a candlQ surrounds the wick, or in a gas jet is immediately 
above the orifice from which tho gas escapes. In a candle the combustible vapours-and 
gases whioh arc formed by the action of heat on the melted talloW or stearin rise in th4 
wick, and are heated by tho high temperature of the flame. By the action of the heat, 
the solid or litiuid substance is here, as in other cases, decomposed, forming products of 
dry distillation. These produots ocour in the central portion of the flame of a candle. 
Tho nir travels to it from the outside, and is not able to intermix at onoe with the vapours 


and gases in all parts of the flame equally; consequently. 

In tlio outer- portion of the flame tiro amount of oxygen will 
be greater than hr tho interior portions. But, owhrg to 
diffusion, tho oxygon, of oorrrse mixed with nitrogen, flowing 
towards the oombustiblo substanoe, does finally penetrate to 
tire interior of tho flame (when the conrhustion takes place 
in ordinary air), Tho combustible vapours arrdgasosoombine 
with this oxygon, evolve a considerable amount of heat, and 
bring about that state of incandescence wbroh is so nece 8 sar 7 
both for keeping up tho combustion and also for tiro uses to 
wlrich tho flame is applied. Passing from the colder onvolopo 
of air through tho interior of tho flame, to tiro souroo of tiro 
oombustiblo vapours (for Instance, tho wick), wo cvldoritly 
fli-st tvavorso layers of higher and higher temperature, atrd 
then portions whioh aro loss and loss hot, in which the oombus- 
tlon is loss complete, owing to tho limited supply of oxygen. 

Thus uubumt products of tho decomposition of organic 
^uhslsiicos occur iu tho interior of the flame. But there is 
always free hydrogen in, tiro interior of tho flame, oven when 
oxygon is introduced there, or wlien a mixture of hydrogen 
and oxygon bmms, booauee the temperature evolved hr the 
oombustion of hy^ogeu or tire Wrbon of ergonio matter is 
so high tba^ tire products of oombustion ore themselveB 
portlftily decomposed—tbat is, dissociated—at this tempera* 
ture. Honoe, in a flame a portion of the hydrogen and of 
tho oxygen which might combine with the oombustiblo sub- 
etanooB must always bo present hr a free state. If a hydro* fjo. 86r-In the oandio finme 
carbon bums, and wo Inragino that a i>ortion- of the hydrogen tb® portion 0 Mutfdns the 

is in a free slalo, tiion a portion of tho carbon must also occur S'^7ltlon fin the bright 

in tho same form in the flame, because, other oonditions none A tI>o oombuutlon uos 

being unchanged, oorbon bums after hydrogen, and this onMhon®lJroem\fc^l^fa«(! 

is actually observed lu the oombustion of various hydro* in thn pida soue 1) tire cam* 

fiorbons. Charcoal, or -the soot of a common flame, arises b“®tltm Is oowplcteU. 

from the dissoelatiou of orgonio subatotfees eontomed in the flOme. The majority of 
hydrooorbons, espeeioUy those eontoialng much oorbon—for instonoe, najphthalene— 
bum, even in oxygen, with separation of soot. In that portion of loino Where 
the hydrogen bums tiro oorbon rematua uubumt, or at least partly so. It is this 
free oorbon whioh oauses tho hrlllionoy of tire flame. That the Interior of the flame 
^ontaiun a mixture wltioh is uUll oapablo of combustion msy.h^ proved by the follow* 
ing experiment; A portion of the gases may be .with^im an aspirator from, 
tire central porUofl of tiro flame of oiprboafo mckU^ whieb is oomhostible in oi*. Foa 
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oxygen. Respiration is also an act of combination with oxygen; 
it also serves, like combustion, for the development of heat by thos^ 
chemical processes which accompany it (the transformation of oxygen 
into carbonic anhydride). Lavoisier enunciated this in the lucid ex¬ 
pression, ‘ respiration is slow combustion.’ 

Reactions involving slow combination of .substances with oxygen 
are termed oxidations. Combination of this kind (and also combustion) 
often results in the formation of acid substances, and hence the 
name oxygen (Sauerstoff). Combustion is only rapid oxidation. 
Phosphorus, iron, and wine may be taken as examples of substances 
which slowly oxidise in air at the ordinary temperature, If such A 
substance be left in.contact with a definite volume of air or oxygen, it 
absorbs the oxygen little by little, as may be seen by the decrease in 
volume of the gas. This slow oxidation is not often accompanied by 
a sensible evolution of heat; an evolution of heat really does occur, only 
it is not apparent to our senses owing to the sir^all rise in temperature 
which takes place ; this is owing to the slow rate of the reaction and 
to the transmission of the heat formed as radiant heat, <kc. Thus, in 
the oxidation of wine and its transformation into vinegar by the usual 
method of preparation of the lattor, the heat evolved cannot bo observed 
because it extends over several weeks, but in the so-called rapid process^ 
of the manufacture of vinegar, when a large quantity of wine is 
comparatively rapidly oxidised, the evolution of heat is quite appA-- 
rent. 

Such slow processes of oxidation are always taking place in uatuf© 
by the action of the atmosphere. Dead organisms and the substances 
obtaihed from them—such as bodies of animals, wood, wool, grass, Ac.— 
are especially sul^eot to this action. They rot and decompose —that is, 
their solid matter is transformed into gases, under the influence of 
moisture and atmospheric oxygen, and generally under the influence of 
other organisms, such as moulds, worms, micro-organisms (bacteria), 
and the like. Those ace processes of slow combustion, of slow com¬ 
bination with oxygon. It is well known that manure rots and 
developos heat, that stacks of damp hay, damp flour, straw, Ac., bocorao 
heated and aro changed in the process.*'' In all those transformations 
the same chief products of combustion aro formed as tUoao which are 
contained in smoke ; the carbon givos carbonic anhydride, and the 
hydrogen water. Hence those processes require oxygen just like com¬ 
bustion. This is tho reason why the entire prevention of access ofr 

^ Cotton waato (naod In factories lor cleaning maehinea from lubricating oU) •oalfedl 
oU and lying in Imps la aelf-oombi^Uble, being oxidleed by the air. 
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^ith nitrio acid. If strong nitric acid fee taken, and a piece of burning 
charcoal be immersed in the acid, it continues to bum. Chromic acid 
acts like nitric acid , alcohol bums when mixed with itv Although 
the action is not so marked,-even water may oxidise with its oxygen. 
Sodium is not oxidised in perfectly dry oxygen at the ordinary tem¬ 
perature, but it burns very easily in water and aqueous vapour 
Charcoal can burn in carbonic anhydride—a product of combustion— 
forming carbonic oxide. Magnesium burns in the same gas, separating 
carbon from it. Speaking generally, combined oxygen can pass from 
one compound to another. 

The products of combustion or oxidation—-and in general the definite| 
compounds of oxygen—are termed oxides. Some oxides are not capable 
of combining with other oxides—or combine with only a few, and then 
with the evolution of very little heat; others, on the contrary, enter 
into combination with very mstny other oxides, and in general have 
remarkable chemical energy. The. oxides incapable of combining with 
others, or only showing this quality in a small degree, are termed 
indifferent oxides. Such are the peroxides, of which mention has before 
been made. 

The class of oxides capable of entering into mutual combination 
we will term saline oxides. They fall into two chief groups—at least, 
as regards the most extreme members. The members of one group 
combine with the members of the other group with particular case, 
As representative of one group may be taken the oxides of the metals^ 
magnesium, sodium, calcium, &o. Representatives of the other group 
are the oxides formed by the non-metals, sulphur, phosphorus, carbon. 
Thus, if we take the oxide of calcium, or lime, and bring it into 
contact with oxides of the second group, combination very readily 
ensues. For instance, if we mbe calcium oxide with oxide of phos¬ 
phorus they combine with great facility and with the evolution of 
much heat. If we pass the vapour of sulphuric anhydride, obtained 
by the combination of sulphurous oxido with oxygon, over pieces of 
liuio hcatod to rodnosa, the sulphuric auhydrido is absorbed by the 
Urao with the formation of a substance called calcium suljjhato. The 
oxides of the first kind, which contain metals, are tonued basic oxides 
or bases. Lime is a familiar example of this class. The oxides of the 
second group, which are capable of combiiung with the bases, are 
termed anhydrides of the acids or acid oxides. Sulphuric anhydride, 
SOg, may bo taken ns a typo of tho latter group. It is a compound 
of sulphur with oxygen formed not directly but by the addition of 
a fresh quantity of oxygen to sulphurous anhydride, SOg, by passing 
it together with oxygen over incandeseent spongy platinum. Oafhonio 
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ajahydridi (often torwfd earbonfo «wid \ OOp pk«pk»no «hytlrWt, 
Bulphurous anhydridiii, rw nil acid raidf«, for iWy cmt «jinhlno wiCh; 
iuch oxldtt* m limo or mlctnm oxula or fnagiwtamm oxWi, 

MgO, iodtt or todiam twkit*. Na/), An 

If a gken ileartnl form but one oxldn. It fat fomwi thn «|| • 
for axaropK wdelaffl o»id^ magnetium oxldi*, |»oi«3|«n» cixlda 
Indyifferoot ttxid* are ftk»«dlKi * oxidi* * if tlwy Havonot fh« proptry* 
ol peroxidw, and at thn »»« tltnn do not thow CJbn prft|i#rUi»4 d ftoMl 
ftnhydricIoi**~for oxanipH oartenlc* o*idi». of whirh nwritltin hm dimd^ 
b«m umdet. If an phnrtrttt furmi two badt? o*iilr* {«r twt» liK!libr*o| 
oxidoa not having tho ohamekwiaiip* of a ^troxidt*) thpn that dl th© 
lower degree of oxidation te e*IW a wiAiwstfo-'-tlial 1% suhii*iiil#« wmtdja 
l«i oxypn than oxldw. Thni, %b«i t»p|jer l« b«mt*«i to rwln#M in & 
futmoi It la wdght and atwrbt imygpn, until for fi3 park 

d eopptr tberi It atorbwi not wore Iban » j^rt« of osygwn l»y wdfbl, 
forcing ft red mm% which is mhoxlde of ; Iml If thw nwillHf 

be prolongai, and th« draught of «dr l»©re«»Kl, il j«.rt« of »pp» 
4 l»orb 16 i^rti d oEygtn, and ftwi blii«k o*ld» d «>p|>»r, Bm»> 
tlraftft to dtitlagulfth b®tw#f«i tJto 4tg?«» of oftfaktlon a ehM^fft d 
li mad® la «Eldl»»d -h oxld® dtootlng ilw hl^«r 

d^fw el otMftllwa, md -«« wtld© lh« Inw dtgrm llias ftrroMi 
oxide ftad ftrrlo oxMb im tht «m»* m wte*ld« «rf ia»n and o«ici« 
ifO». II ftn ©Itmftol tomi one anhydrlcfo wly, th«t It i« siamed hy m 
ftdjeotl're lomadl (ro«j the *»«« of th« wade to ©wl In wsd 

^ word o«%dmfe, Whtn #a «l»Bi«t ftjrwi iwo anhydridei, lh«ii 
the Mfflxe* -«*# and -k nr* to dliHagnlih tfciitj t -mg ftlpslfy- 
lag lew oxygen than -w j for anampfej aiwl twlphui^ 

aahydridw.” Whan mmm\ oxidw wm tormdi fr«w th« w» 
the preflxM mm, Irt, t&im are thw i dhkxfiftii mcwmlAii 


« ft mart bt ramM tt*i ^ .«»« df 41 ihi»» btafc- 4 *. 

lalliwftit k»l«i ftsd I tof ««j^ mm^^m oityi% 

oddfl, ol ^ ^ M»% 4 ri«l»,«wiigb 

(MwadttwwwiB^itewalialta^^ taai Tlw ba 4 « «Mtai 

!««■ «Wi» ^ tt*« tb« 

:liiwlh#iW[t k (a tto tetotrb^ gM^ m^mk «4*t wiA f*«p**i te ^ 
W^t « mm Mitotof tela kite ««p^tfc»-Ci| i** «»,!#% wf 

^ail t ^ P) mM III 4 a irt 

k wmwW tw IhiWM* bf fte 4 »#l4 rnkfirUm »IA 

oft»te ojtkla#, or, te pamd, ol wm wtMw. F« mmf «!l^ « lilf tiw mM 

ft h>v«» a«gT*e of od^ftttoa* tt b» mM ft»4 to tei«»#4i«i# «i4» w» ftwwirfi ^ 

toWiphif’irttt mkmmmrn, Ifci te to a« «»w#— 

wb« to wAw (wa^taiMi taw a »W# wrtw pI tt 4 »p« 84 ^ 
^i»poto^l«^ai*wmftwi»^ta»^bfto «»»»^ el mn 8*^ 
co^^owii, ten b WWW tote to 
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chlorine dioxide, • chlorine trioxide, and chlprine tetroxide or chloric 
anhydride. 

The oxides themselves rarely undergo chemical transformations, and 
in the few oases where they are subject to such changes a particularly 
important part is played by their combinations with water. The 
majority of, if not all, basic and acid oxides combine with water, either 
by a direct or an indirect method forming hydrates —that is, compounds 
which split up into water and an oxide of the same kind only. It 
is well known that many substances are capable of combining with 
water. Oxides possess this property in the highest degree. We have 
already seen examples of this (Chapter I.) in the combination of lime, 
and of sulphuric and phosphoric anhydrides, with water. The resulting 
combinations are basic and acid liydrates. Acid hydrates are called 
adds because they have an acid taste when dissolved in water (or 
saliva), for then only can they act on the pAlate. Vinegar, for example, 
has an acid taste because it contains acetic acid disSolyed in water. 
Sulphuric acid, to which we have frequently referred, because it 
is the acid of the greatest importatcce both in practical chemistry and 
for its technical applications, is really a hydrate formed by the com¬ 
bination of sulphuric anhydride with water. Besides their acid taste, 
dissolved acids or acid hydrates have the property of changing the blue 
colour of certain vegetable dyes to red. Of these dyes litmus ia 
particularly remarkable and much used. It is the blue substance ex¬ 
tracted from certain lichens, and -is used for dyeing tissues blue, it 
gives a blue infusion with water. This infusion, on the addition of an 
acid, changes from "blue to reef.®® 

AO Blotting or unsized paper, soaked in a solution of litmus, is usually employed for 
deteoting,tlie presence of ooidst This paper is out into strips, and is oalled teat jpa'per ; 
when dipped into ooid it immediately turns red. This Is a most sensitive reaction, kncl 
may be employed for testing for the smallest traces of acids. If 10,000 parts by weight 
of water be mixed with 1 part of eulphurio acid, the coloration is distinct, and it ia 
even perceptible on the- addition of ten times more water. Certain precautions must, 
however, be taken in the preparation of such very sensitivo litmus paper. Litmus ia 
sold in lumps. Toko, say, 100 grams of it; poWdor it, and add it to cold pure water in 
a flask; shako and decant the water. Bopoat this tliroo times. This is done to wash 
away easily-solublo impurities, ospooially aUrolis. Transfer the washed litmus (it is washed 
with absolute alcohol to romovo tho non-sonsitivo reddish colouring matter) to a flask, 
and pour in 600 o.e. of water, heat, and allow tho hot infusion to roniain lor some hours 
in a warm place. Then filter; Euad divide the filtrate into two ports. Add a fow drops of 
nitric acid to one portion, so tliat a faint rod tinge is obtained, and thon mix the two 
portions. Add spirit to the mixturo, and keep it In a stoppurod bottle (it soon spoils 
if loft open to the olr). This infusion may bo employed directly; it reddens in the 
presence of acids, and turns blue in tho ptoacnco of olkcdis. If evaporatedrS. solid mass 
is obtabod which is soluble in water, and may bo kept unohangod lor any length of time. 
The test papor may be prepared as follows;— Take a strong infusion of litnuiB, ond soak 
blottmg-papor with it; dry it, and out it into strips, and use it s* test-paper for Ooids. 
For the detection of alkalis, the paper must be soaked in a solution of litmus just red- 









have the property of roitoring the blua oolour to Htmui w'hirh hm bom 
reddened by the aotion nf aoida. The hydratm of fcite oxidM of #odimn 
and potasaium, NftHO and EHO, are of basic hydmto 

easily aolublo in water. They arts true alkalK and a«i tertnt^ mmiw, 
because they act very powerfully on the skin of iminmls and plants. 
Thus NellO ii Oftlled ‘oaustic ' soda. 

The Httlino oxidm are oapahb of oombining tc^ethrr and with 
water. Water itself ia an oxide, and n<Jt an indiffierent one, for it ©an, 
as we have seen, oombtee wi^ ha#ia and aeid omuImi ; it w a represen¬ 
tative of a whole iwiei of isdint oxide*, inim‘imdtai 0 tmtin, aipable dP 
eomblnJng with both l»*io and acid oxidw. Tbwt» arc many »udh 
oxides, which, like water, oojabimi with lm»ie and at>ki anhydride* -for 
instance, the oxidw of aluminium and tin, 4e. From thii it may bi 
oonduded that all oxMw ml|^t be plaoid, in impiMt t« Ibrir eapaci^ 
for oombining wiA one anotfaw, In one oniiltemiptel »cri«, at oa® 
extwadty of whloh would ttad tht*o oxidw which d« mrt etimhini 
■vdth tho basw—that ii, the alkalii--white at the other ©ml wtmld li# 
the aoid oxides, wd in the Interml thme oxidw which wmbin© with 
one another aixd with both the atiid and Imrie oxuiim, Tho furtliw 
apart the members of bhii •«!« are, the more atable are the rot«|,amndte 
they form together, the more eaergetiiMdly do they «>«t tm i«h othmr, 
the greater the quantity of heat ivolvwi in tb«4r imetion, and ^ 
more markml ia tlieir salino ohimleal dbanuitw. 

Wo said above that bosio and add oxid« mmbitttt tc^hw, b«l 
rarely react on eaeli other ; this doptndi on the tha^ tho m^ori^ 
of them ore soUdi or psei—lhat it, ^y wouir In »ta,tn l«fc proa# 

aw4 by ft tew toop d arid} H lea morifct Mm, ttw wili enl t»» wwriMm 
inth ftelAft ai MdfMftorid Mm wi teteMtw, a l>ftok.wl Mow, 

wyi«|ffimfMtte«dd%nidttM ftti>wt«w ttegw. 

f#ow«dowl«ateBMs^» 3 M} ■pWfc to 

ttUndte it laaBB teowa, bwl wpiM ite wifiMi ban to Mmtf Ww 

liW® Mtewteg »ifc«w iw^ t# tm fc# ««4 i tor 

totori«s«eleori»!»M.,'»Wli^l^.iW©o4*a Owtoto fcsb«*«te«m ajrfi 

dyfls mfty dw b# fbw imA idd, OpsIlMth 

(It i« used In #j9 deohaUe Ii Mi irttobk few Mh* 4 ^«bW»« «rf 

w»Mourj8Mlnftaftrid,»a»ifttewsffltti»«,^i^ te nto* wAwtifliW to 

■©iftfswwee d'ftddaMdflvwaWNwMs^tas wtt attftM*. MdhfCjMtew 
to m ftfuemo sdatten) te aol lOMi 1^ brt 1^ Mi wrii* (ww* 

ftridftWftaftftoMea),#®. Tton* »«m*r ^wtew to to 

vodons ftridt, ftOwhaMd Mte ^ mmm d MUMMu wto^Ma* 

toom oAob otoev. ——» 
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to ohemioal reaction. The gaseo-elaatio state is with difficulty destroyed, 
because it necessitates overcoming the elasticity proper to the gaseous 
particles. The solid state is characterised by the immobility of 
particles; whilst chemiciil action i*equirc8 contact, and hence a dis- 
plaoetnent and mobility. If solid oxides be heated, and oaj>©cialIy if 
they be melted, then reaction proceeds with groat oosa But such a 
change of state rarely occurs in nature or in praotico. Only in a few 
furnace processes is this the case. For example, in the manufacture of 
glass, the oxides contained in it oombino together in a molten state. 
But when oxides cximbin© with water, and ©speoiaHy whma they form 
hydrates soluble in vrtater, then tlm mobility of their particles increases 
to a considerable extent, and their reaction is greatly facilitate. Ee* 
action then takes place at tho ordinary temperature—easily and wipidly j 
so that this kind of reaction belongs, to the class of those which take 
place with unusual facility, and are, therefore, very often token odvan- 
tage of in practice, abd also have been and are going on in nature at 
©very step. Wo will now consider tho reactions of oxides in the etate 
of hydrates, not losing sight of tho fact that water is itself an oxide 
with definite properties, and has, therefore, no little influence on the 
course of those changes in which it takes part. 

If wo take a detinito quantity of an acid, and add an infusion of 
litmus to it, it turns red ; tho addition of an alkaline solution dom not 
immediatolyaltor tho rod colour of tho litnius, but on adding more and 
more of the alkaline solution' a point is reached when the rod colour 
changes to violet, and then the further addition of a frmh quantity of 
tho alkaline solution changes tho colour to blue. This chaugo of tl»§ 
colour of the litmus is a oonsequence of the formation of a mw oom- 
pound. This reaction is termed tho saturation or nmtredimthn of 
.the acid by the base, or vio^ versO, The solution in which tho acid 
properties of tho acid aro saturated by the alkaUno propertim of the 
base is termed a neutral solution. Such a solution, although derived 
from tho mixture of a base with an acid, does not exhibit either 
tlio acid or basic reaction on litmus, yet it preserves many other 
signs of tho acid and alkalL It is obton-od tlmt in such ti tlvfinito 
admixture of an aoid with on alkali, botidos tho changes in the colour 
of litmus thoro is a heating efToct—ia on ovnlutinn of htmt~whieh Is 
alone sufficient to prove that thoro was chotnind action. And, lade^, 
If tho resultant violet solution bt^ ovajxjrattxl, there Mtt, wt 

tho aoid or tlio alkali originally taker), but A which hM 

neither acid nor alkaliu(' proportiM, but l« usuaMy ioMd and erystal* 
Une, having a saliuo appearance ; this It a mlt in ehttubml mom d 
the word. Hence a salt is itma ^ rwusibo d m add m 
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Mi alkali, In a certain definit© propcirtitm, Thn waiter hvw taken for 
'aolution playa nu other |mrt than merely fa»nlitaung llu* prngrow of 
tho reaotion. Thk ia fi«»n from the fart that the anhydridra of th© 
aoida are abb to eombimi with oxfdw, and give the r.ii,mo mltl « 
do th© addi wWi the alkalw or hydrates. llmm\ » mU U a ccimpound 
of definite quantitiw of an aoid with an alkali. In the latter reaotion, 
water la Riparatod out If tb© lulmtanwi fomnnl Im tl»© rim«« is pro- 
duoed by the combination of anhydnm* together.'’* Esamplet 

of thtJ formation of f»Ua from M'id» am! hmm are eaaily tibiervid, «id 
are very often applied in practice. If wo take, for Inatanw, imioluble 
magnesium oxide (luagmmia) it io iwily dir«dv«! in atdphuric M'id, ami 
on evaporation gives a imliue tiul«tance, bitter, tike rU mag. 

no«ium, and familiar to all undor tho natan of E|woiu t»ed m a 
purgative. U a »dufcii» of «u»tie wda—whitdi it olit«.lnwi, aa wo m.'m, 
by the aetion of water on imlium oxide—I m* |«urdl lute a flask In whieh 
oharoottl has boon burnt; or if carlMmie wtihydrkb, wMcIi ii prmluefd 
under io many elrournttanmitj Iw |»w«l through » solntlou of cawtio 
«oda, tiiatt iodlum »rbo»ti or witt, Na|Ot>i, h «f whis?h w® 

hav® ipokm it^ral tim^ and which ii pn^pfcwd on a large »<ml« and 
oftet u^ In manalAotuni. This rewtlon k Piprwtttl by tlm «j«»tioo, 
SNaHO + OOiwNaiCOi + EliO, Thw, th§ various Ii**’* and atddi 
form an InnunitmUi numiwr of dlfihront wJii.** Salte e«»rwtltute an 

That wfct«r rwdl^ l« »»puutoi la ^ rwwtKsa ef wi4 w hptf*!,##, tmy b* 

iJiowa by Mtiiig »ome ot}»r ftlawita* »g 

water. Thus, it u wlatia*! »f aittmljm b wIpfeMi** W il will h»»^. I»h** ttw 
acid, RH acid renkctltt-n, w>4 will Pt4«wr rswi. II, «?« ll*» nUt»r h»»d, a 

BoluUon of altnaina la a« alkali—«ay, u^wm, ll will h#*'# w» 

reaction, and will tom r«l litwtta Idtii. Ou addiiiig th« alkali*# S*» tli» (wwl sadMltou 
until ueithar an alkaHae uur an arfd reaeUs* l« a ««Ii I« tg 

wdphuitu wbydridie and j,ml«.*aiuai In |W», m l» llw M 

tait«na»diat§^de i» »e|»ra,t#d out—«*a»Sy, aSututa*. tto will W »*prf »»l4»t 

te thi« oaw, u aienlM la luwlttlils to walw. 

w Thu sauttud lateraelioii rtf hydmtai, wni iter t4 tanming mJs#. ttmf te 

tokw advpjtap of f« dttafwialj^ tt» of hfdfrtws* wltw'l* «r* In!h4ttt4« 

to wate, I<al m ftrt a »» i« 

toMluMiitovnAm I© ll« m UlmuB. Ii t» ll*«s 

mfeifl. fud m add-te rndj^m^ ndSvd I*, ili*> II 

tt» toydwsto ttWft ha Wfe, wiu pkm, .«■ by «» »4 di 

haafc, wish Mhi assail. la esrtelii §««»•, ib« f«««liMii «>Ji »» »« 

water, and tWa wfitt at «»# theif ttial wwWmMiw ta i«h« |4«»» bei»*«8 itw »*» 
aolubk ba»lo hydrate nad &i a«M| wift ih« fe««rt4« «f » rtlabi, fcal«t» tu 

tiu>«8 <sa*»« whew, the wwsdl#*l to tartuM*. uull «» wfti*f m m i4 t»iw:i*wi, 
and Uiwefom it may b« as^Muid, hf Om i&ttitai «g an »«i4. wlwiW « hj>4f»l« 
bM a basic chwacter, lik« the hy*r^ df «»• «f ^pwf.*«., tl A# mut Am 

a«t cn tti® glvta Insolubto hydwte (at n h« w«i a 

«aw^,MItaheuldbe totted mIo whitt«irUI m m i«»M eh*r»et(it. Tfcil« t* il««« 
toWag an lUtolk te#t«d uf Mi« Mid, a^ b| wl^rtfew 4tw hy»i#*to 

%w dtaaolva#, or if^othor the aUmUao iwotta That tl (*«# Iw i^wtwi HwA 
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example of definite chemical compounds, and Loth in tho history and 
practice of science ore most often cited os confirming tho conception of 
definite chemical compounds. Indeed, aU tho indications of a deflnito 
chemical combination are clearly seen in the formation and properties 
of salts. Thus, they are produced with a definite proportion of oxides, 
heat is evolved in their formation,''® and tho chemical charaefcor of tho 
oxides and many of tho physical properties hooorao hitUhm In their salts. 
For example, when gaseous carbonic anhydride combihos with a base 

hyclroto of silica is acid, bocaua'a it dtsaolvea in aUcoUs and not in twida. If it bo a oft#9 
of an insolublo intormadtat® hydrate, tb«n it will b® obsorvod to rmel on both the oeia 
and olkali. Hydrate of alumina la an inatanoe in quoaUon, whlab ia aolubk bath to 
oauatio potash and in aulphurio aoid. 

Tho degree of a^niig or ohemiool energy proper to oxides and th»ir hydrates (s rary 
dlsaimilar; aomo extrwno mombors of tho aorioa poBwaait to a (froat extent, When 
acting on oaoh other they evolve a large quantity ql heat, and when acting on intermadiale 
bydratea they olao evolve heat to a oonaidorablo degree, m we eaw in tho oomUinatiott 
of lime and aulphurio anhydrldo wltli water. Wlien oxtaremo oxides oombinoi they form 
etablo aolta, whloh are dsoomposod with diffloulty, and often show dvaraoteriftfeie proper* 
ties. Tho corapounda of tho intermediate oxide® with eaeh oUjm, os «v@n with bWo 
end noid oxidoa, proaont a very dilTorent ease. However much alumina we n»ay diwolv© 
in sulphurio noid, wo cannot saturate tho ooid xnoportiea of the aulphurio acid, th9 
roBolting Bolution will fdwaya have an aeld reaction. 8o also, whatever quantity of 
alumina is diaaolved in an aUtob, Uio resulting solution will alwaya prtiMht aii alkaliM 
reaction, 

In order to give tui idea of Uio quantity of boat evolved In tlio formation of »all» 
1 append a table of data for very dilute ctgumfui eatuiiane of aeide and alkalla, aeoord* 
ing to tho detemrlnablone of Boriholot and XhomMn. Tho dgurcM are given in ma|v 
ooJorloH—Ihat'is, in thousands of onits of heat. Par oxampio, 40 grains of sulphurfe add, 
HjSO^, taken in a dilute aqueous solution, when mixed with such an amount of a wMh 
flolution of oaustie soda, NaHO, that a neutral salt is forwftd (when sJI th« bydr^m ^ 
ibe aoid is replaoed by the eodiiun), evolves lS,iB00 unit® ol beat. 


NaHO 
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ThcNci figures oanriot bo oonalderod as the heat of neutralisation, b«MUM the Wklst 
hero plays on important part. Thus, for Inataneo, flnI|>hurio add aM eaurtki »da to 
dissolving in water evolve very much heat,and the resultant Bmllmw sulphate very h&t{@t 
oonsmiuontly, the amount of heat evolved in an anhydrous oombinotkm wilt b« different 
from tliat evolved la a hydrated oombinaUon, Those acids which ar« not «wg»tlo In 
combining wiUi the same quantity of alkalia roquirtxl fur Uia furmatiun »f wwmal m \ ^ 
of aulphurle or nitric acids always, h«wev«r, give lew* beat. For instenre, with eaiwUo 
ioda! carbonlo acid gives 10‘t, hydroeyanio, S'C, hydrugan suiihide, 8'U major 
And as fooble bases (tor exanqile, FoaO^ dso ovolvo Iw# beat lUan tbnsa which are mcwi 
powerful, W) a certain general oorrektion between thMrmwihMaieal data and Bus degre* 
affinity shows ilaelf bon), n« in other casus Chapter IL, Note 7 )} Ihi# diw<@ tml, haw* 
ever, give any reason for mmsurlng tho affljUly which bind* lb® elemwila of writ# by 
belli of their fonnatlon in dilate mduUons. Thk k v«y dearly demunstrated by tbf 
fad that water is able to decootpoM many Mite, and is separated in their termite. 
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'to foriM ft »l!il «-E'j th« ekatleily of, thp gai quite 4i*ap|«^ar8 in ii^ 
pwflagt* into Ihn 


®iK?li other with wipftmtioo of water, iiut s-slte nmj !»»• u}ii*im-»dl hy 
other methock. It Bio»fe iwt l» forgotten tint haaic o»kl»» an* fonacd 
by mttals, ftttd weld o»id« tttualli' by ««!i tint metuk and 

Ros-metAk am m|w,b1© «»f eombiniwg t«'||fttipr, and a »a|t is fm|ut;iit|y 
fonnwl by tho nxWaliun of »u<.'Ss a |\ir ts^»in|>|p, irtiu v«»ry 

ftttitly oonibinw with Bulphur, forming ir«n iwlidnsfe Fc»S {»-! w*f mw 
in tlm intriHlurtiun); this in air, wwl mimemllf inwwi air, Bhsorl^ 
oxygen, with ihofonoaticjn of thef«ii«»»A!t IVSci^, that ui4j I^p oiitsiiniHi 
by t]^« ooffibittAtJori of th« oxides of Iron ftiid iulf^hnr, nr «sf itw hydratei 
of th««i oxld«, H«a«, it be wid or s«|*|»fis«i tlwi *i salt l«i.| 

proj»rti» of tho oicklt*, «r mmt ni^wwrily two kitnk 

of oxIiIm in Tho d«rit»llwn of »»ll» tmm »i in»rt4y one 

^ tho fMetir«ig tjf their W«i mw, |wf tl«t in 

'•ttlpboirilG fleld it wui p^We to f©pt«» the hydwfwi by liinr, and that 
by thk miMii rto© wa« fofwwl i mt lifeewko ihf liyt!n*8©tt 

lift lOM^ oth«r Midi miy ^ r^laeml by iliw, Iren, |*«t*»»i«iii. tmiiimi, 
'Wid o whdt i«rt« of rt»ikf w^tela, twrwif«>iidlri|| *«li4 bdng 
'bbtadft^ hydwfio of tb» ft4d, In «,ll ilww «««», k i«ctf«»gr4 
for ft motel, ftod ft sail i« obteiadl fro» iha hydrai#. li«»gftnltng a 
wdt from thli pofnt of vi«fw, It may \m mid lli*t «i mil w *#« *»rv| m 
''wMeh hifdrog*n u r«fi(tmd 4y « m^iai. Tl*l« defittitlsin ihowu ih*t a 
ftftlt ftod ftii aeid art ^mtinhiy f»»|»ort4i ti tbo miws with tht 
dJflfertttoo that thi Iftfcter wntaiiw hydr^ii wl iht famier a wettl. 
8ooh ft dtofioitloa i« mo-rt «i«t tlifto fir^ dpittltion €#f wJlti, 
tofttmuoh u it likiwto® ioelodwi Ihtiw fteMf which ilti not cofitftlii 
oxyi^, and, i» we thiU ftlterwardi Imra, ihtw is ft writ* ti ««ch Mid*. 
Booh dtmtats m ohlodat ft»d bmahw fcrm oampwttwl* wiiis hydn^fori 
ki whWbi fcht hydjpqpMi may bt i^phi^i by a iwteJ, fareiini 8Ml«tettcti 
whii^ Im th4f Mad dtai*^«rt, rw^mble ilwi wdto 

te»«d ^ «tMl« TftWt *11, HftO, li •* «»tt 3 pl» »t thin, ll w«y 

** OaAcBte whyifWb h«tt Im l« w«tof. f1» m4uUm ®*%4ly tfc,- 

gectaJiWKiBd «wl^ ew*«8ii wwitoi to il« l*» 4 |i«,f| m*4 P*ib»n im 

Cteft«r t) la dtadriat h» it .iilwt git«« * ** 11 ,, 

wWeJj awn net wolt* «rb«te triWWs,« « «*ll, N«||CO^ wimh •«ltf e»«l*e^ 

«tfbo«io aaliydritk wU«a hmteS, 'tt« iw p#, *|*|, di^wltrf m »4 •»!«*, mm 

te « « tett oUwr miwwwf (li# Cteffcif lb, Hei# lt«» « i, «-h»4 * 

al i^ws «£«Ui tetwwB ewnewfe «4w, mi^mm %4 

of *tahUlty. By mAUaf a diWiirtiw tet»^ ii, of ^dia. 

to ft»a twapoto, m wwteA mWA t« winy 
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be obtained by the replacement of hydrogen in hydroohlorio aoM, HOI, 
by the metal sodium, just as sulphate of sodium, Na|S04, may be 
obtained by the replacement of hydrogen in sulphurio acid, HgSO^, by 
sodium. The exterior appearance of the resulting products, their 
neutral reaction, and even their saline tost©, show their rMemblanoo 
to one another. 

To the fundamental properties of salts yet another must bo added-— 
namely, that they are more or loss decomposed bp ihe miton 0/ a paimnis 
current. Tho results of this decomposition are very different according 
to whether the salt be taken in a fused or dissolved state. But the deoom* 
position may generally be so represented, that the metal apiimrs at the 
electro-negative pole or cathode (like hydrogen in the dcooinpmiticn of 
water, of its mixture with sulphuric acid), and the remaining parts of 
the salt appear at the eleotro-positivo pole or anode (whoro the oxygon of 
water appears). If, for instance, an oloctrio current acts on an aqumms 
solution of sodium sulphate, then tho sodium appears at the negative 
pole, and oxygon and tho anhydride of sulphurio add at tho po«itive 
polo. But in tho solution itself tho result is difforont, for »Kiium, mh 
wo know, (li'.coinpoBOs water with evolution of hydrogen, forming 
caustic soda ; consequontly hydrogen will bo evolved, ajid cavjHtin mnla 
appear at tho negative polo : while, at tho pmltivo pole tho Mulphurio 
anhydride imunodiately opmbiuos with wattsr and fonns sulphurio arid,j 
and therefore oxygen will bo evolved and sulphurio acid formad mund 
this pole.*® In other, casoti, when the metal iopamlwl a not able to 
decompose water, it will be dejmsitod in a free tfcalts. Thus, for oxompl©, 
in tho decompositiou of copper sulphate, copper out at tb» 

cathode, and oxygen and sulphuric acid appear at aaod«, and if a 
copper plate be attached to the positive pole, oxygen fvolvwi 

will oxidise the copper, and the oxide of copper wUl^^dwtolvn nml l» 
deposited at the negative pole—tlmt ii, a transfer of eopjwr fis>m ih© 
positive to tho negative jwlo cniuia. Tho ga.lvandplwitic' art (rirvifo- 
typing) is bast'd on tluM principle.*® T'horrfeni tho «n>;4 radiraS and 
general proj^rtios of salts (iacluding also tiurh suite aa toble Ralt, wliirh 

Thitt kititl ot (If'i'iimiHwitiiiti jnn.j'to *>«j|yi>t(n>rvwl ty a s. JhO. s* ..f *. 

gttlphtiU' l«iUi «. U-h 1 »iU »«1 UU«» (mh\ IsiwsrUns c!wlf>»tB» U.® t».* » K sL.- cisi. 

tioB bo oolouml with an Infuwoji ef iUtmm, it will wsily t* sSmi ,i Mm® ihm 
catbod#, owing to the formatioia «f wmIiuui «»4 fwl si Ui.e 

IKjkt, froiTi U)« forumtiosi of Bulnhurio wtii. 

In fiUw»r 0RW1S U10 tle«»uuMm(tl»*ti «•! t<y Un> eWtrte »«f *w«^a 

jiami'tl by inui-h inurn t’ottijilo* rfauJls 'i'lntu, whi*!, ihp met#] tg i||« *^| ,* ,4 ^ 

biilbi'r of (i*(il»tu!!», @iirh » hjjihuf i»si>1b sjwy b# al |Js» Is,}* ^ 

the Oxygon wlm'h In ovuUed tliprc This tah®! ftsf Iwtene*, m lli» 
of wJtw of ailver amf Jnangwiw** by Uw gadvauia «««»«»., «4 

Wing formed. Tbui lu tjm vI«Ardy«b <td a KOt M&0$ m t B# «t 




m 


raiHciFLEs 0? cimmaTBT 


.contftlu no oxygon) may bo ©xpr^ftcl by wjproiisnting tbs salfe u 
composed of a raatol M Wid a bRl«>it! X - that is, by «xpoi»i*ing tbo idfe 
by MX. In common, tftblo mU tbo wotAl i« fcKlium, anEl th« haloid an 
©leraontary bcxly, ohlorfno. In iiwlinm Bulphat<*, mwlium Is 

again tbo metal, but tht coruplox grou|», it tbii baluid. Inaulpbate 
of ooppor, OnSO^, the metal is «pp©r f%nd tlw» haloid th« tatne ns in 
feh® proofing lalfc. Saeh a ropMWitatlon of »lt4 ox|ir*mri with gmfe 
siroplioity th® mpmity ttf gwrf mtit In mt^r inin mlim f/mt&ln tigtmnp4* 
iiiiom ijkth other sdt$; crorMrting In lh« nmtml roplaci’twt'nl of th® 
metals in tho salt*. Thk osehajisgo t»f tlwlr metala i* the funtk* 
mental projMirty «if mite. In tl>o caia tif two M.lt« with dtlfbt^mt metals 
and haloid*, which are in solwUon nr fttstnn, or in any oilier mannw 
brought into ©ontaol, thn nmtaJi of tb» «lta will alwAy* partially 
or whd^ (ftXohAop pbwm If we tli*igi»te one salt t»y MX, and tha 
other by NY, thtn w« «ith«r fwrtWiy or whtdiy oblain from th»m tmw 
salte, MY and NX. Thus wn mw in th« Inlitdaetloit, that mi 
solutkmi of tablft salt, NaCl, and «ilwr rtHral^ AgNt-b, a whibi 
insoluble prtolpitetto of idbtr oUodiH AfCl, I* for»«l and a mm ndb 
sodium ttitmte, NaHO^ is ©btabt^ la If tho wni*k of nits 

fxehaoiEt plaow la imeWmas of dtiubhi d««tt|K»lfel«H it k cle*%r that 
metftJa thtmt^m, la a •tpuruli mUMt m able t« «n m 
ghaO'WolvM hydrcfia frwo i«dd», wuci m Iron m^mim r«p|«r fwm 
copper sulphatt. Whin, to wbat and which in«t4* dwpk©B 

each other, and how the rnttoJi ar« dtatrlbutel twlw«m the halaida, 
wjOd be diwusi^ In Chapter X., wht» wb «}mU b« gtiitliKl by th^ 
fpoflootioas and dedueMons which Bwthdybl tatrodawi iiit** the ici#»« 
at tho beginning of thk oentary. 

AMordiog to the abow oh^nratlow, am mW la nothing m«rn than 
4 sMt of hydrogenu Water itudf way h« liwkml on »4 a «*lt, In which 

hydrogta li eombiaiid with dlher *«yg»n or th® iw|ttwm» »dleK 
OH} mtif wiU ^b«a ^ HOIl» tad alkalia or iMie hydimt^*, MOIb 
The group OH, m^ofmnm twliife, oUttrwto mllwl &yflr»w^l, fniy 
be Mle# w M Ik UMi Ite AMm la te.t^ ml% nol only 
“the 4 wb«iI 01 mA i^be gtmp OK vfiiy often ch«i^ pl*cw«, ««i 
bhie with ®Bi tad tiht saroe ilemeni^ hot abti frw rhliiriim to 

t^ery dwdlar la mmy pwpiHte and rwetkm* to pf*r«xid« of hy4n^l«h 
whioh is the isaat ha aa the rmliete, m mm 

afterwards soft In Chapter IV AlWto nad l«ato hydrate* »r»i 

eeJiltoito wW (efflp»«paii4taf lo SOd mM, to t»,0|- »»& »tt 

■Ih* pMMnwM «9 |w4 Imown suy l»« % lfe« dter» kw-ils*l Om mnm% 

deoomfOMS wUhi tote aa^teto, wbto i»4 ktM il» 

eeto]?oawt whkh WMr rt lb« w pto, 
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salts consisting of a motal and hydroxyl—-for instanco, cautUo soda, 
NaOH ; this is thoreforo termed «odium According to this 

view, acid salts are those in which a portion only of the hydrogen Is 
replaced hy a motal, and a portion of the hydrogen of the acid remaina. 
Thus sulphuric acid (HaSO^) not only gives tho normal salt NagBO^, 
with sodium, but also an acid salt, NallSO^. A hasia mlt i* one in 
which tho metal is ooinbiuod not only with tho hnloidu of acido, l>ut 
also with tho aqueous radicle of basic hydrat©s~for example, biamuth 
gives not only a normal salt of nitric add, BifNOa)^, but also bnaie 
salts like Bi(OH)8(NOa). 

As-basio and add salts of the oxygen adds contain hydrogen and 
oxygen, they are able to part with these os water and to give onhydro- 
salts, which it is evident will be compounds of normal mlt* with 
anhydrides of the adds or with bases, Thu* tho abovo-tuontionod acid 
sodium sulphate corresponds with the onhydro-salt, Na^StO^, equal to 
2 NaHS 04 , less HsO. The loss of water i« here, and frequently in 
other oases, brought about by heat alone, and therefore such salts are 
frequently termed pjro-salts—tor instanoo, tho prtwwling is sodium 
pyrosulphato (NuaB^Oy), or it may bo rogardod m tho normal salt 
Na 3 S 04 4* sulphuric anhydride, BO^. Douhh mltH are those which 
contain either two motals, KAl(S 04 )a, or two haloids.*’ 

Tho (ibovo-onimoiaW gntiemlimUon of Ui« oou«ii;Ur»» of m eompo***^* 
tho mafcal« (shniilo, or oonipoiftifi lika (uamonium, NIL), with tho hdeidw (wmpb, Uk« 
chlorino, or conujomul, llko oytu»o^«n, ON, at the radieJo of »ttlp)»urio non), SO*), 
of ontoring into double Hiiline dooompottiUona, wWdh l« in aowwKlMtM wttli the 
data MBpeoUug saltH, was only formed UfeMe by UWd© after a »f mo»l wted 

pro^flitions AS to Um ohMtUoal ttmotom of Mdte 

Btdti bolong to dtm of mb«limow wbleb have b««n knom slm fmy mtIj tiw»g, 
oa^ bavo long boon i»ve8dp,l«d ba many dhMUoaa At Amt, hmwvw, m dUttMltei 
vfm mode botwMU BtUta, iwida, sad bMM, 01a«b«« mam wrUfM wlta 

the ktto* half of tho aovontowth ee«tery. Dp to that tt»e mdarity of Mil* mm 
obtolnod from imturaJ soore©#, oad Uiat iklt which wo haw roforrdl lo tovwftl Iknw— 
namely, aodiimi oulphato—wa» named Glanber'a »lt after tbJa ehomiat. di*. 

tinguiahwl normal, aoid, and baBio mlta, and ahnwwl Umir aotkm on vpgelabls dy««k, »UU 
bo oonfiuniilod nnuiy wiUm vvitli tvoitla (ovi>n now ovary arid mil onghl U> Iw r**p»n(W *w 
on aoid, bt'caniit! it ocintaitm hydrugon, whioJi may U« niplaowl by itioUls'-thal i*, it it 
tho hydrogon of an aidil). liaumd diiputwl Ibnitsllo'ii opitdon otmrommg iHo inlKlivtanm 
of aoHa, ciintencling that nonnaJ wUts ordy are tru« mlta, and that mll« aw iimpte 
mlstturoB of niinnal aalto wltli bauos and aold aalta with aoWa, eotmnbrmg tlwt waahtef 
ftlea® oould remove the base or aeid from tlwm. Itonolte, in Urn mnldh. ..f Urn laal 
twy, Itowever, renderod a great mrvim Ut the Bludy of aalta and llm ihffuanm »*f know, 
ledga r«8pecUug tliis ela** of oompotmda In his atlrwu'iivo Useiun**. lie, ltk« thn majonly 
of Ihti tihwnistji of that jienod, did suit employ Um balantM in hisr«»w»aroH«t, but 
hlinftolf with jnirnly qnalitaltvo data. Tho drat (iuaiiljlativ»s towarrh*** fWi i»*lia w«>rw 
carriwl utmut tlim tniio hy Wntwul, who wan the ihrwoktr of Uw Freiburg hioibs, u» 
Goitony. Wonaid »tiuli«Hl llm double dm-oiiijawtton of eaJt*, and that in tho 

douUo dwsowpoajtiim of neutral ualta a oeulraJI «alt wa« always oUaunstl. ll« ptwvrii, 
by a moUwd of woighiag, thattWaiadootoGwfartlliAttlw #atural 4 «H trf m fif^a 






qtnwUiyt»f ft tmw nn(|ttjr« itawh qtswitil}*** •■•f iirWs m ftw 

BftturftUrJK ©wry oUwr b***- Ilftvlitig i*kpn tw« weiiJm! itijisf f*>r msaiMt*!**, 
phftfcB Mtl Cftteium nilmte—S»l it» tat® iH«4r fc^^wilier. l^.ul.W ,WnBjjw»iUs^ 

taAw pl»«> {« lf«rf««t, whi« li i« M«8»4»4l4f>. !{«»«»»«»■ 

rowh « mighl ««W trf «»eb <4 tlw wJlt, Uw «ww»t«l tttmlu>n ««l! ®i4{ bn {»r»»«rfi^ 
ettB»»qn®ttUy lb# twHlriU eMrwIwwf lb# *>*•! by ilw 4«i»r*li«ig# pf 

tfttttoJft s tliftl i» Ui mi', Uiftl ti«.«iWly »4 httlplmn*' »-4 lh« ^ 

Buffldisiil f(ir lb# «>f lb# ealrlBw. »«4 lb»l WKs^ini «*! (wkl whiph «»to. 

Ibo cttlciHiii i« mutmfib I'l fc»lMr*to lb# r«nl«»M>»l iu m-*mhinm%.iun wiA 

Bttililmur M'ti! ni «n>4mtu swlphal# UVuisl «*«* »»»» cn?wter«>4 lb»S ntAllpr its*#® nrt| 
•Jianjqwftr in tiftlwre, ^shI «« il»i® f>rtne»|>l# H» »i**#t*ei*, to |».n'}r«m> «>/ Ujt 

iwfttiU'a ti( hi» wlwH Iw fiwitil llwl li» te#® »lwH Iw l»*t| c*rif(, 

Hftlly l«b«n.. Altbtrtuli liw l«w *4 4is«»bl» wf 

quite ctimeU/t h<* *lkl iwl ihum qt»«s»l«ln»» It* wl>s«t* »*5s4a «»j 4 ba»»« w| «»ii 

««b oUiW. »M wrrtel *«& al #»4 «*f it** by IbrJiiwr. If® dlpliw. 

wluid thi! qttft«llll*a b| »»l llw b»»«« wbwii w**! *4 li»« acrf* wkrt 

iwlamte Mtd Bbldttwt r««rf»ie4 r-Ptmll*. iJliwil* bi* •aMwIWfWj 

w*» Htil eftrrwl, f«f b# li«l Ibw « gi*r#M **■*! tuim 

in ftrSlb»»liedi prtip’wwkw^ »4 lb* qii««Wly t4 m @»l4 •Iwwiiiig * b»w» In fw. 
B9»We«4 MiAliiit «i Iff** lb»if *41* by Bib« 

»«W», #®4 fttawtfdl fcbftl «>l lfe» mAnUum i* ♦»»»l .l<salt»y«4 by IW# 

K# fttai 4*teml«i*4 te* quaftHItei b| wrtibi *4 4fe« o»« 

fiftaWaw te wife. Ei rtwwd to* btnw ti* @*lb mi4 ll»l Mwt 

dl»l^»e«»iMfpr«i4uwW«wtaief 8fts^ Tb»«w q«ts«»iiii#» «bl4 

WM** mpftbb el iP«piikrt»i eiMi »^tar wew iw»ii«i 

XUol'iteir's fc«biaf townfl m Mbaww*, iJtotugb b* fmlli Mwfr4 »h I1» it*#, 

•wyiiriiw «it Lft¥^«r, he W4 le to wbfa-b f»ss4in'»4 b» 

wpedUeaft wy ulweww, Bit wmk* df to libwlto# fw««S itw f«j|i 

dliWJtwfdl by W@ft»d ud Etebter frsw to niwaftlf *4 •.wd W la 

iWr Wtt* MplalH^d in »mdtth»m wiA tww#, mi to «♦» »•»#»• t 4 to l»w 

ol wnlUpk proporW^u wbW» brf alim4| b«i 4i«w«^ t»f IMbw f>8 «|*|4!rli(i l« 

Mtia Um»« wlilfeb BeWitiM Mrt««4 il hf % *l»uk mm* «l td 

WttMurkftbk ftwufwy, w# mim to f4b«#li^ kw 4 «.tw % w#*! 

hgdmgpn m an mtd iM npimtd % murtwfs-anS^ wrtght ii«f 

fmM ; ftttd, towfor#, wbe« ewteis wj^awi •wb itof llwlf ««S«t»l4 mw to to ««»« 
my© M Ibtijr v»kal». Tbu^ for «*>» ^ hf wdgbl 4 m 

by M pwte »f ^ua, * p»ft« ef pd^wa, tt prt* rf «^P«tow, m> |*Mi# t4 wb 

irittm, m df ijwb %m pitffe el <i |»ffci «rf mm *« i »*w*, if mm 

wi]^kewriJyw,ttt«»piftaol8iw»fflitefci lW|»rt«of mmm 

«l iM yrtttbi % « prt« irf *f, 

dt wmM bt «#4 Mi wmrf «*«if 

Ilta»a4*»d«w^krt^f»t«a to fo«| tol«»#.y »#tal*b»r« 
mmd «a4 mm to to» «< 

esldaAloft. Wm «*««|^ lte« «s Iksh to wteli ii# «|«i»iaw»i bi 

S|«-«a* i« b to Bito femii hg to «d mm i* wwtor »fi«® »f *#li« 

to wbtob U» «qalwJ«l rf iws ifttli l^^whk-h mmMn hm 
MOM osygMt, mi MiT^wd ft b%b«f rf utMmm- 4 nnm Mfcto ti k um 
tol tb« former uii» im wttty fwwdl fey to *»et rnmrn ti mm .« »rM*. md 

toWitooalybyafortlwrosIdate^ t»« ii*i« » »l 

simfi so, & to w of eopper, tmmi^, *^1 He, 4l««wsl wifa 

oro fdwod liiligi oewtipotid wtib AiioissI ef «# (wstelfc 

iMHy xmm bow iw oqbmiooto m Oidr dtSoi to, 
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'or bases, would oocur most frequentl]^ in nature, for these latter would 
always tend to combine forming salts, espeomlly through the mudium 

with tho difforent dofrees of oxidation. Thus it is irapo8»ihle to endow ewry metal with 
©no definite equivalent weight. Henoe the oonoeption of wiuivalonte, while playlni 
an important part from on historioal point of view, appmre, with a fuller study of 
chemistry, to be but auhordinato to a higher conoeptiou, with wliich wo ahall afterwanla 
beeom© aoqualutod. 

The fate of the thoorotical viowu of ohomistry wiw for a long tiino hound up with 
the liietory of aollft. The oloaroet repreBontation of this subjeet daUa back to t^iviiiaiw, 
and was Byetomatioally developed by Bargellna, Thl» repraesintatlott Is ©idled thu bmary 
theory. Ail oompounde, and ospeoiolly salts, are represented m ©onrisUaf of two jwrtei. 
Salts aro represented a# eompounda of a ba»io oxide (ft base) and fto oeid (that is, m 
ftnliydride of an ftold, then termed an ftold)„ whilst hydrate# are r«p»«ettted m e«m* 
Bouade of onhydrons oddeB with water. Snoh an expreerion was employed smt only to 
denote the most usual method of formation of these substanoe# (wh«r« U wonhl be quite 
tyne), bwt also to express that Interned distrlbutlonr of the elomtmU by wWvh it wm 
proposed to explain all the propertle# of these substanee*. Ooiqier Bulpbate wm anp. 
posed to oontaln two most intimate oomponeat narte—©opper oxide and erdphurio anhy¬ 
dride. This is an hypothesis. It arose from the eo-oaUed etmtro^ehmnieal Appall###, 
which supposed the two oonlponent parts to he hold in mututd union, beoauea one «m- 

E onont (the anhydride of tho ooid) has oleotro-nogatlve properties, and the utHmr (tb® 
aso in sails) eloolro-piositivo. Tho two parts ore attraoted togetlior, like Bub«l4H«»»i 
havingopposito oleolrieal ohargun. But os tho cleeom;[H)sitiou of mUh in a etatouf fuaion 
by an olootrlo current alwaye gives a metal, that roproBontation uf tlw oanNtitatlon 


that whioh oonsldors salts as made up of a base and an ojiliyilritlo of an aold. Hut tbo 
hydrogen theory of aolds is also a binary ,hyiMtUieal#, and dwe not ooulmtUol tlm 
olootro-ehemleal hypothoBis, but i« rather a mcKllttcation of It. nio binary tlwury date# 
from RouoUo and Lavoisier, the electro-ehemieal aspeol was gesJouMly developed by 
Doi'solius, aud the hydi'ogeu thooiy of aolds la duo to Davy and yebig. 

Thoso hypolholloid views simplified and generalised the study of a BoropliaaMl 
subjeot, and served to support further arpuaeaK but whw salts wm« to question ft 
was equally oonveuleat to follow on® or the otter of these hypetitesw. But lhw« 
theorios were brought to bear on aU other substanoM, on aU eoapoond sntetauM. 
Those holdlai tte binary and elwtro-ohemleaJ hypottmsoi sMutdtod for Iw wtti-pltti 
component parts, and endeavoured to «Kpeew tte proeeee ol ^hmloalrMolleaii 
ohamiool and similar dlftereuoea If aiue re^aoe# Iqrds^fwi, e«d«d«d il to 
more elootro-poBltlva than h'rite ea, whttot they forgot that hydK^ may, undw differeui 
oironmatftueoB, displaoe xinS^®' Instauoe, at a red heat. Ohiortoo and oxygen were tfon- 
sidorutl aw being of opposito pitlarlty to hydrogen hoeautte thoy ewlly •ombtoe wUh II, 
novorthcluBM boUi wo oapabln of ropUohig hydrogeu, and, what la very ehajmel» 
latic, in Uio nqilaeoimmt of hydrogen by eblorme in carbim ootnpoundtt not only tl«j«a w 
oltomieal ebarauter often ruuiain unalUred, but even the external form may ramain 
unchanged, au Laurmd and Diimas domuitntmted. Those oonaideratiuua undemiue tha 
binary, and more twpecsially the eleetrtneliBmioal thwiry An explanation of known 
roootlons then began Ui be sought for not m the difference of the iKtlanty of tlw differ#!,I 
aubstanoe#, but in th'o Joint inllueneaa of all the eUiiiu'nlB u« the {inqwrliea of Uie com¬ 
pound fanned. This 1# the revemj of the preceding hyiMilbe«i». 

Tliiw reversal wa.« not, however, limitwl to the deatnictloa of the tottering fonndaUotw 
of the prert’ding tbwiryj it projaiued a new tba'triue, and laid Use feuntlatum fur tho 
modern courMo of our science. Tliia diMdrine may Iw tennwl tte unitary theory Umt w, 
it Btrietly ockiuiwltHlgea tin, joint inlluem-ea of tte elemaato la a cotoihiuhiI snbuUm-c, 
dofUos ©xiaUmcc of separate and tHUstrary comj^twnto lii tb«in, regards eopp«f 
Itdpteto, for InstouM, as a slriet^f ddfinll# wwpaund of copper, euliidiur, ami oxygwi; 


i 
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of the RjD-p6rv«dliJg watw*. A»ci, n a mutter of t»% aaitt aro tamA 
ereiywher© in Thoy o«ft>r In wilimk aiwl pkni^ aJthtmgh in hut 

wiiftll quantity, l»«»viw, m forndtig llw» kit of chemiml rcactloiEq. 
felif<y «.r« ca|mbln of only ft few eliwntiotl tmtwfomMtiona, And orgftnlaDrt 
ftjrti Ixtclii* In which ft w»nm of ttiitnkrniptol, variwi, mkI Mtiv® 
oh««il«Jl ImiwfonMfttlttai prowpi, whllit. mil*, which only enter Into 
diottbl® d®««ipoiitioi» betwt«« «eh other, aw IItilt* iwwo to t«©h 
ch*ag«. But orjpnltroi always eemtain mil*. Hsus, for liwtiaa^ 
bonw contain mleJuw ph<«pl«te, IIki j«ii» of |mpi* potMrinm tertmti 
(enmm of tarter), «rWn lioh«w wdelum «wl the theJk of 

mciUuawi. mlciunj cmrlwtiftte, &a Am water and •tnl, |wtioM 

of tho mrth In which th« ehemtad m actlr*^ Ihty 

fttU of talte Tbtti tho water* of the «twi, «w! dl other* (Chap. I.% 
ifcbMind la «lla, wd l» fch« In llw rockM of tho »rth*i eruih la ttw 
tt|h«¥»cl ftttcl in th© falllttf iiwteiiite Iho «lti of illldc ««id, 
ftnd eipiicklly Iti donhk mils, pr«dtwii»t«. Wla© totatoneff alw 
roi^fk «p tl>i twmpoiltlw liiiMtonis which tiftea form moniitein 

dtolni and whole Ihldks^Mi of Ih# «^ta, th«i «»»ikllng ol 

cideratt owboatlb^ GkOO|, 

Thm w» hav® mm «yp» ha % itm »UM mdl In varten* eompoantli 
of dlftertnl d^rtMi of tteWdily, fr«B tibo mXu, hkn Ikrthdi- 

Itb's talfe and aitif% to tht ^blo rtltoa «»|Kmnd*, gtseh m «ltl 
in gmiito. W« mm- m natodly rimikr fmdiktitta of la thn 

eomjponndi of water wd of hydr^«i 1« ftll tte oxygen, m «« 

demoat, or single iobstMiot, r«ro*l«i tht •a««i howeror vmipi Ite 
dbwaioftl stetw, jo*t m ft sn^ftae© awiy apipat to m^f dlfctnl 
phydeed «tet« of igp^ftMaa, Bnl wr i»o«» of iht fmmtiwi mrifty 
of toe cshwulcid ftteh* in whkh cayg«a mn oe«ir w«M nai ^ oa»“ 


tow Si## te wponate wWib to iSb^ iJm« *1^ 

hr to Wtpmi to» tntaww d »* ^dmm% ta to* 

tofl*® wMAw# extort % toft ^ to »fw*l «MW 

to* <W4«^ of to» Mk «to« te Itow d to® tAmiaj 

««• B«te» ttaa 

byw^ft. iWft {# wl in tota towf# ftw# m* mUAM to % Bitwml tepar* 

i«l to h k tot #W nd BlifWBfto d ^ wltey tetelM! Ww, Wf t dwi^ 

^«w ©f to® 'Ttot ttor# of toft mtMoMd li 

fyomlk flwUpptMftjMttetto^Waf fc nm ima tefertoRlli^.tl toted««rf * mt 

wetpUoa tato tot d wtowito, «dto *« Aia »» 

tewwt Bo^utiatod. Yit a^ntUon d tot k# sI to® d wi AwnlM teui 

to ft aamterd Wto 

d ow ltem dtwitoigtotMftiu^toMiyiiMft^^ ttdtag toMf, wM tami 
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pletely understood If wo did not make ouraoJlves aoqualatod with it In 
the form in which it occurs in oaone and poroxld© of bydrogan. In tbM© 
it is moat active, its energy seems to have Increased. They Uloslrata 
fresh aspects of chemical correlatlpna, and the variety of the forma In 
which matter can appear stand out clearly. Wa will thoreforo ooniider 
these two substances somowhat in dotaiL 
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Of Clffi»3TET 


CTAITEB T? 

oMKi AW mmmm rtioxw*— oaw»% law 

Vam Mawm, during ibo latt wntury, i^btertwl ri«l rtsygan in » gin* 
tttb«n when iul^ieteci to the actiMi of a, »ri« of rieelric i|«rk*j 
^ ptOttMar imell, wd tt|© proprty ol awblnlng wiili m^tmrj «,! tbt 
wdlmry twaptratw, Thii w«* aftorwanli mnirinwl b| a nirober rf 
#r«h ©jEpirimtnfei. Evan In tl»§ «lr»pio woliititw of wt tdtolrietl 
mftahlai, wbw dietriel^ dlfc« Into tit tir or thwygh tii« 
pculiw ami ehameteiitte «»iJl of w»p, piwifwliag from ^tl«» 
©! thg deelrieiti ©a of th» at»«|»h©r», I* twognW. In 

1840 Bk£. SdtoibAiti «i Bm1% toiriiM hk aliention to tiiii oioA* 
'iww lu'kteijwi, wi Aowdi Ai* il li iJ*o with to« 

wygta ivolvei %i l*® p^Mt# pi% In th» dw»w|wltl*ifl of wate 
by ttie aetloa ^ n pdfimio ©aiTtnl | in Ih# exUarion of ptiMph«roi 
In clamp air, ami ako in too oxidation of a norofcwr of 
allhough it ii dlitingttlshid far to InftaUtlty Mii ea|iii«Hy for oxldl** 
Ing othtr lubitaam Yhi.ohanwtorkUo iroiM rf Ihit i«h*t«»w p,?t 
it its nam^ from th« Ormk *I mill an «i©ur.* ttdbimbda 
pointed oat that omm Is aapWt df oxWW*| »Miy lulwrtem^ 
on wEioh oxypa doei mot aol iit At ordtowy tewptmtartt. It 
win bo TOffidml to pdat oat for Intten©# Ititl It o*Mi»Pt »«r» 
omr|'> oharooil, and kon wift gimt at wiiiiary tempwutofi. 
It adght b« cwt wm warns atw e©wp«««l m 

It wm ftt wb^i^iA to I btti «i^Wl okstrvfttiom roadii In thto 
baYt ltd to tot wdorfott toal mmm b noihlttg bnl 
dtwid to Ito propirUw, IWi ii itriktogly prtiwd by tot 
teftaAtmatom of mf§m ©«ntolatof into ordlwiy 
oa^gen whm it k pawd » teb# hmtal to 38r. Fartotr, »t 

ft low tempimfettte poro «ypR ««« <whm tlteteie •fwki «*• 
l^id through it (MaripM imd Dt k Elw), Htncf It Is prwdl teto 
byi^totsla and analysli toat mm% k with wMtowt 

art aoq^uatotid, ©dy mdowdi with pwrtiwkr pr^pwtiw imd to 
ft partlomlar ttoto. Howtw, by wbatww mttood It b« obtototd, ^ 
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omouht of it contained in the oxygen is inconsiderable, generally only a 
few fractions per cent,, rarely 2 per cent., and only under very propiti- 
ous circumst^cGs as much as 20 per cent. The reason of this must be 
looked for first "in the fact that oxone in its formation from oxygen 
absorbs heat. If any substance be burnt in a calorimeter at the expense 
of ozonised oxygen, then more heat is evolved than when it is burnt in 
ordinary oxygen, 'and Bertholot showed that this difference is very 
large—namely, 29,600 heat units correspond with every forty-eight 
parts by weight of ozone. This signifies that the transformation of 
forty-eight parts of oxygen into ozone is accompanied by tho absorp¬ 
tion of this quantity of heat, and that the reverse process evolves this 
quantity of heat. Therefore the passage of oione into oxygen should 
take place easily and fully (as an exothermal reaction), like combustion, 
and this is proved by the fact that at 260° otone entirely disappears, 
forming oxygen. Any rise of temperature may thus bring about tho 
breaking up of ozone, and as a rise of temperature takes place in tho 
action of an electrical discharge, there are in an electric discharge the 
conditions both for tho preparation of ozone and for its destruction,. 
Hence it is clear that tho transformation of oxygen into ozono^ as a 
reversible reaction has a limit when a state of equilibrium is’ arrived at 
between the products of the two opposite reactions, that tho phenomena 
of this transformation accord with tho phenomena of dissociatton, and 
that a fall of temperature sliould did the formation of a largo quantity 
of ozono.' Further, it is evident, from what has been said, that tho 
best way of preparing ozono is not by electric sparks,* which raise tho 
temperature, but by tho employment of a continual discharge or flow 
of electricity-—that is, by the action of a silent discharged For this 

> Tbia oonoluaion, dodnoed by me as for back as 1678 {Momtmw Seuniifiqm) by 
oonoohriug the moleoulea of ozone (aee later) aa more complex than Ihoae of oxygon, and 
'ozono aa containing a greater quantity of heat than oxygon, haa bocn proved experi¬ 
mentally by tho roBoardiQB of Moilfort (1880), who showed that the passogo of a eilont 
diarhargo tlirough a litre of oxygon at 0® may fom up to 14 milligrasna of ozone, and. at 
— U0° up to (iO inillignuus; but best of all in tho dotunniuations of Chappuis and Hauto- 
fouillo (1HH{|), who found that at a toinporaturo of —26'’ a ttiluut diMchiirgo convortod SO 
p.o. of (jxygun into oztnio, whilat at 20'' it, waa iniiMj«Biblo to obUuu nioto tlian 1'3 p.o.. and 
at 100® luHH than 2 ii.c;. of ozono wan obtainod. 

® A Borlos (if c'lcotrio HparlcH may bo obtainod by on or<lin(U 7 (sloctrieaJ immluno, 
Uio elootrpidioroua machmo# of HoUz and Teploft, dro., Ijoydon jarn, Uuhmlcorft coUr 
elmilar inaanB, when the opiioBito olootrloitioa (uro able to uccumuhiLo at Uio ' 
of^conduotors, and a discjliorge of sufUoionl oloetricul inkmaity paesos Uuwu ' 
couduclorn air or oxygon. 

3 A wilgiit diHohargo is such ft oombiiiatiim of opiKiiiito etaticsal (potentW) 
oa tftltoB placo (goncrally Ixjtwoon largo eurfiuHiii) regdlorly, wlUioot «pa»fc^ slowly, and 
quietly (tw in tho dinpoi'iiion of .olooLric.ity). Tho diaOharge la onlyluml&oas in the dark; 
there ia no ohservablo riso of temi*<^'raluvo, and therefore a largw: amount of ozone J» 
formed. Out, imvorUwlesa on continuing the posesge of a sile&t disdhatge through 

♦10 





reason all oxonim >9 (wbioh ©t mmt mr»l WRutreetfonb «r fonwof 
apparatus for tbo proparaUcm of m»m imm (m air) hy ^ 

notion of olootriolty, now utually cimtlrt of trf to. 

fitanco, tinfoil—or a lolutlou of iulphurk a«4ii mlxwl wiitt etirooifc aold, 
&c. separated by thin gksiiurfa«« plactd tliort iliatamw ttm mA 
other, afid between ^Mob the o^itn or dr is blri^uwl 

and-Buhjooted to thoftoUan of Md«l« dlsobMfe.* Thu* In Sl«awf 
Apparatus (fig. 87 ) the exterior of tbo a wd Hi* initerior of iJb* 



rjo..8r.-si@»«# spjMifswi »p t»f •••» € * 

•tube b <5 are coated with UnfeU aid owin^tetl with «li# |»ci|*a of i. mmm 
of electricity (with the ttrroiimli of a Etthitiiiorf • «ill^ A »il«l di*- 
charge possos through th© thin wulb of tiie glw cjllwlew m and h « 

ozoAo it is deslroysit. For Uiio wW«»n kJ l>» i* mA 

coAsCquontly tv aoBioe of eWeiririly @kl a h%t» Ak lit* ♦ll*- 

olicu'go is bast produood “by a Rakmkefff «otU »• Ibw »«t m**M9 4 sliiaJfA^ 

a oonslderablo potontial of slafcfeal olefeWteUif »llb lb« «s»|A^|e.#f*l s'i it** 

fooble oumnt of o galviuilo battery. 

■* V. Rato's eyjjjwafM WM tmw of lb« tot •«»»» 

of a sllonk diioliargo (and it is »W1J f»8i» |b« h*mi U w .»*l 4 * pw*aly 

ftod moro) of long, Uiin o&pillwy glAiw bnWt »l ww m*A A wlw* «»• 

tending along their whol® long (A teto *• tMm m4 »t mm-% s*l^ mi At# 

«na is than fused up to\smd th« wtw, ^ md ^ wtetefc tmUii» il»» l«l». 

The protruding ends ct Uso srirM w« surwu^rf In l»« aSm im ••A * wwiwr 

ths.t on one side there ten wA mi hm wiiw. A Imw* *4 *w4 tnhm* iWf 
ehould mshe a buneh of not taw# thui i § m. 4s*ws>l*f 11» t* ■ gi*** l*ls«v aisli 

the ends of tlw wires w ooaaeetid wife two «#4 w* f»«41« A* »4* 4 tlw 

Burro\mdlag tub©. The disehM^ of a EataAotf w|| b Hi*#* vA 4 

the wires, a«d the dry .idr w mxm ie h» ^ lli* lats# tf 

oxygon bo passed through, otoue bSLlaed ta «l 

nitrogen, which are partially formed whtn air ^ t*, 41 Um ff*.* is 

formed in large qUantUtes. Am m mmki >.k^ (MWMatas 

T f ^ wmmM m •»4‘iw%^2 ito 

Binni «flh * 1 *® powerful that the gm wlwi pswi lfe»#ih 4 

five miuutee the gwwiondaotlng tebada ^«d»d-«p ^ to*^ Mi, 
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'OV6P all their surfaces, and consequently, if oxygon be passed through 
the apparatus by the tube, d, fused into the eddo of a, it will bo ozonised 
in the annular space between a and. b d. The ozonised oxygep escapes 
by the tube .e, and niayhe introduced into any other apparatus,®* 

016 properties c/ ozom obtained by sUch a method ® distinguish it 
lA many respects from oxygen. Ozone very rapidly decolorises indigo, 
litmus, and many other dyes by oxidising #»em» Silver is oxidised by 
it at the ordinary temperature, whilst oxygon js not able to oxidise 
silver even at high tompemtures ; a bright silvef plato rapidly turns 
black (from oxidation) - in ozonised oxygon. It is rapidly absorbed by 
mercury, forming oxide ; it transforms the lower oxides intohighcr^— 
for instance, sulphurous anhydride into sulphuric, nitrous oxide into 
nitric, e-rsenioua anhydride (AsgOj) into arsenic anhydride (AsgOs) 

But what is especially charaoteristio In ozone is the decomposing action 

^ In ordor to oonnoot tho oaonitar with, ahy other apparntus it in hnnossiblo to raalco 
nae of india-rubber, moroury, or oeinonta, dec,, booauao they are tbettjBolveB aetod cm by, 
and act on, Oeono. AHoonnodtiona mutt, oa woe first proposed by Brodie, be hormoUoaUy 
oloflod by sulphnrio aoid, wbioh la nob aetod on ,by Oisoqo. Tima, a oork is poased oVet 
tho vortical end of a^tubo, over which a wide tube paasofl bo that tlio end at the Arab tub® 
prolrqdoB above tbo cork; moroury is flrat poured over tho oorh (to prevent iln being' 
C^otad on by tho sulphurio ooid), wid then suliduirio acid is poured ovor tlio tnbreunty. 
The protruding end of tho first tube is aoVorod by tho lower end of a thinl tube iniruoysod 
'In tho aulphuido-aold, 

^ Tlio method above doscjribod io tho only emo whioli hoa boon well hivoatigatod. Tlier 
admixture of nitrogon, or even of hydrogen, cuta espooiolly of ailioon (luorido, appears la» 
rfdd the fonuation and pxesmnfhiion of OBono. Araongat otlwr metlioda for 
oaono wo may mention the follOwlug!—-1, lii tho ootioa of oxygon on phoaphoruo at th® 
ordinary tomperaturo a portion of the oxygon io oonvextod fhfco owno. At tln» ordinary 
tompei-aturo a »Uok of phosphorus, partially Imtaemed to. water and partially in air in » 
large glass vessel, eauMs the ofr to aequiro the odour of o^o. It mmt further b# 
remiirked that if the ohr be loft for long In oontoot with the phoophortiB, or without ^ 
proBOnoe of water, the oaone fomed ie deirbr^ed by tbo pi^oephorm i. % Aie aotton 
of enlphorie ooid .on pormdide of borinxn. Xf idte latter be eovMod wiMh ttoong iralpbu^ 
oefid (the ooid, if diluted with only one-ttoth of water, does not |^vo mom), then at a lote 
teinporatinro the oxygen evolved oontdinB oaone, and ih nanoh g^ter QU^bitles than 
in that oKono ia obtohijBd by the ootlon of eleotido sparks or phogphoms. fi. Oaoiift may 
also bo obtained by dooampoeing. strong eulphurlo add by potuMlana vtangonato es» 
pccially with tho addition o£ bnjflum porosida, 

Oxoiu) lidcos ui^ Uio hyflrogon from hydAmhlorio odd; ohloriho is liboratod, and oonr 
disBolvo gold. lodino is direotly oxtdiuod by osono, hut nob by oxygeau Ammonia, Nlfa, 
is oxidised by oxon6 inbo ammonium nitrite'(and.nltifate), SNHa + 03 «NK 4 NOa+HaO, 
and tlwroforo a drop of ammonia, on falling into the gas, gives a thick .cloud of 
tho Belts formed. Osone oonvorts lead oxide Into peroxide, arid suboxide of tlwHium 
(wldoh la oolom-lesB) Into oxide (wWoh is brown), so that thin waoUon is made u»e of for 
deteotln|f tlio presenoe of oaone. Lead sulphide, 1‘bB (black), is converted into tnl- 
phalo, l*bB 04 (odourless), by osona A neutral solution d xoanganeie sulphate ghm a 
prodpitalo of iruitiganoBo poroxido, tuui t«i odd aolution may be oxidisetl Into porroan. 
gtulio uoid, ni\ru 04 . Willi roBpoot to Uio-osidiiiing action of twona on organic @ub» 
etanoes, it may bo monlionoU that with ethor, 04 Hi(, 0 , osenc gives ethyl poroxido, which 
ie capable of decomposing with explosion (according to Berthe|ot)j and k dcoompoted by 
water into ftlpohoh apallaO, and hydrogen peroxide, 
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it ftxerts oil potoium iodido, Ox|gpn dmn mi mi on ii, bnt 
|m.BS 0 d into a wluUoa of potiuiilum twlido li&»ralo# iodim, whiiit thft 
potaMium is obtiindl m pot*ih, whltdi mniiltii in liolution^ 

2KI + na0 + 0««SKH0+ If Ai tho prp»iu'o of minuto trmym of fn^ 
iodine way be dwcoverecl by mmm «»f *tareh paato, with which it form* 
a viry dayk bltt©*ootouml lulittonee, amixturoof irniidowiy^ 

sbardh pfttto will ditwt thn prc#®tia» of very aiiiall imeea of o«oni.»v 
O»onii is d«troy©d or ttaverti-Hl into onllt»^ oxygon n«t tnily by 
bwfc ftbio by long keeping, w|>®ola.lly In thii pr#wfn» of peroxide 

of mfvngano«e, «hbrin«s &©• 

Iltmoo osum, Although it hia thi ismo em/tfm»iiwn m diiteft 

from it in at&biUty, and by the fftot that it oxidii^i a numlwr of snb- 
8tonc« v©ry iiiergetioAlly at tbs ortUtiftry tompomtum In tbi* r«pMl 
owne r©i8inbl©i tb« oxyfBH of »rt*ln unstotde eowpundg, or oxygio 
at tht moment of ito lIlwAlten.* 

In ordinary oxyg»n and oiono wo w mi niawplo of one and Ihft 
wnao iubitMie©, in thii m i4e»i«sftl, appmrli^ in two italiw. Thii 
indicutos that thi propertlw of •> anl«tan«\ inti »v«i of mi 
mAy wry wi^nt Ite e«iip«ltlim vM'ylng. Very many ■neli ««•« 
art known. S«eh of a ehwnW trAotfonnatlon which detormlni 
a diflteino® ta tht p»|»pti« of «ii wid th« *mi»« <p| 0 »e«t »» torm©d 


• TU* WMttw to lli» «»iftHMlly »yi« »»• irf f»f Am }»«>*•«»# «it 

In Ab it »o*Wi ta iw4*tto«» *4 «4 *1*** 

Bndi omfmmlHmt «loil^ wW *kwt» tam® ©f 

OTOHft, oMi m* tint ebWiwt! vwta amAtmUf, |.» ilw nt Um« it to 

Bxpnsed imi to th« luantml «rf {«'•»«!, Ttw *mw»mI ut «,-.*» n* « g«»«! gm tmf 
t>vm to A o«rtoin b« jndpid by ll» t*J by IW It pw 

limlnnry t§Bt» be 

TpBt'Pftpw for oirttw fa j»r*{k®r«^ tn H«* wMaiw.-- CHi» »4 nwntmi 

ptttotslunj iodfiln (a to IM friww vi dWilWt mtAme ; l« *»«.«*» «f ®l«frb wm 

tbw 8lift^«n op fo lh@ wdtttten, roU lb« itoirlw* to b«4l»4 tt«lii lt»e •4*fr.|» i* f«av«trt*4 
into % j»lly. ^to J«Uy to then »w tteli*i «♦*! tfn la 4f|. li »Oi4 

ftlway* b« wwtHibw®^ bawet^r, lh*l lb« is4»#ttr *•! l»«ii#*4 wtevit to elto«.g*4 twi 
only by Ui« Aotten ef mum^ bnl «»f lowsy oilwf wWlnetw i tof by ihw af 

nllrofon (s»p«^ftMy MAI pawEbto, Hmmmm iip.jss'iMsil 

Uteo».MP« wItt A rtittw ril WiA*, wWA to Ab ..f wiittli 

ttWi ewi^ to el SBO. !#» m4m to AAsmtow if A» ble« mimf to 

^ pt#ia^ kf Aft ^i»U C«aatt*lii) to lto» gm ,» iHifiin# *4 i|i» |s»|»f to »*»& «>«%»} to 
TO WlA«,knl wiiJb j nu* imikmi will «|w tara Wii« M 

^ Ar^|Wt tal (rmm kpln'gi^m wUh 

o«te«Y " ftftt teMbm *nl»i#B«wi to twy {tor !»• 

Btwiw, in Btowpbwi) »»y «»tow»«Wl ttolll »«.«! >«*r« A# wl*l*b« 

iAB fretjoftnUy b§«ft BwApot nwrifatef fti «rf lu4iml |-«i»r to ll» nlf 

to MJ« preaeaw ol omo| «4 lb« p*Bl Maw Aw* ft to Hi*! 14 I* mm4 

a ^ pife»«e« d nltow CStosta, l«IJ. 

“wtoo (QiAp. XI}, wMm w^t »| Ae milamf immpmMm, taUm 
m hywwgin, RM «olr»8 ttw wggw to ton farm dE lJ»i|, mmA towrrfatt 

ton moUoii mwA bn toM # Ifa« ®f ♦ a. 
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ceises of isomeriera. The cause of isometism evidently lies deep within 
the essential conditions of a substance, and its investigation has already 
led to a number of results of unexpected importance and of immense 
scientific significance. It is easy to understand the difference between 
substances containing different eletaents or the same elements in 
different proportions. That a difference should exi^ in those cases 
necessai’ily follows, if, as our knowledge compels us, we admit that 
there is a radical difference in the simple bodies or elements. But 
when the composition— i.e. the quality and quantity—of the elements 
in two sub.stances is the same and yet their properties are different, 
tlien it becomes clear that the conceptions of diverse elements and of the 
varying composition of compounds, alone, are insufficient for the expres¬ 
sion of all the diversity of properties of matter in nature. Something 
else, still more profound and internal than the composition of sub¬ 
stances, must, judging from isomerism, determine the properties and 
transformation of substances. 

On what are the isomerism of ozone and oxygen, and the peculiari¬ 
ties of ozone, dependent ? In what, besides the extra store of energy, 
which is one of the peculiarities of ozone, resides the cause of its 
difference from oxygen ? These questions for long occupied the minds 
of investigators, and were the motive for the most varied, exact, and 
accurate researches, winch wore chiefly directed to the stUdy of the 
volumetric relations exhibited by ozone. In order to acquaint the 
reader with the previous researches of this kind, I cite tho following 
from a memoir by Soret, in the ‘Transactions of the French Academy of 
Sciences'for 18C0 

Our present knowledge of tlve volumetric relations of ozone may bo 
expressed in the following manney 

1. “ Ordinary oxygen in changing into ozone under the action of 
electricity shows a diminution in volume.” This was discovered by 
Andrews and Tait. 

‘ 2. “ In acting on ozonised oxygen with potassium iodide and other 
substances capable of being oxidised, wo destroy the ozone, but tlie 
volume of tho gas remains unchanged.” For tho researches of Andrews, 
Sorot, V, Babo, and others showed that tho proportion of ozonised 
oxygon absorbed by tho potassium iodide is equal to the original con- 
traotion of volume of tho oxygon—that is, in tho absorption of the ozone 
tho volume of the gas remains unchanged. Fifora this it might bo 
imagined that ozone, so to say, does not occupy space—ia-jindefl« 

nitely dense. 

< 3. “ By tho action of. heat ozonised oxygen increases in volume 
and is tranafotmed into ordinary oxygen., TWe increase in volume 
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eorrwponda wltb fcha tjumritifcy of oeanW oxygen which is given up toi 
feho potftiatutti imU4» in it* ti««oR»|»'»it4ai» ” (th** mmo olmTvew), 

4. Th«» uijqu«iU«mt4« exjwrimpnt*} rvault* loiwl t« ihi» ctjnolusioo 
feliat osono ii denser tlmn oxygen, iwui that In iU uxidi’dag aetion Iti 
give#! oil thftt portion of its aulistaneo to which iii dun it? estm dtsnsity 
dl*tingui*hlng it from ordinary oxygi’n. 

If wi ImiiflM (»yi that » vtdtnnea of rontlit ol « 

volum« of Qxygoa oemUlnisi with m voIuwm ni tb« «4n«i auhsiana^ wri 
^at o»n© In oxidi&bg glvw «p w viikuwa of oxygen mni l«v« % 
volume of ordinary oxygon gas, then all the atwvo facto mu h« ox- 
plaintxl j othorwisti it wmat Im> iU|»|K»r4i that oionii ii liillwtti>ly dentt, 
•In ordor to dotormino th« density of ' (wo »^Bin et?«» Si»r«t) * w« 
wuwo oannot b© had to this dotonninatfan of Iho weight of n, given 
volnmii of th© ps, bmuw t»*w» cannot fas ohlAliwd in « pure ttote. It k 
olmyi mixed with » mry large t|mnllty of oxygen, it 'mmnmmmvf, 
tharttfom, to h»vo rwour*© to «wch a«li4t«ip#« m w«iuld al««rh own© 
wldiout absorbing oxygen and willKnil d««tp>yitig tin* oione. Then Ihi 
dantity might hi from the dbcnwi vnlnnio prwluml In ih« 

jP» by tht Mlfan of Wds in eoiaiwison with tho *|uanllly dl 

^ypo |iv«i np to polMilttm todida Mmntag# «tt%t aliw l» tohio 
of dtfcwmlfflAtima of lh» iaoim* ot vdiuitw prodnwd by iHo auliaa 
of hii^fe cm »ns, if feh« vdi«»i oee«pi«i by tl» Iwfore Imting 

b© known,' Sortfe found two »oeh ■ntwtaiuw, tnr|»nli!» and «ll of 
ohmamon. ' Oscmt disappwrt In th« pirnsju;© of tnrpeniinn. Thlt i« 
ftooompanied by the apjmmnc# of a d«j.« vaiwnr, which flik a v»^ 
of tmail oftpaelty (0*14 litri*) to such an oxtonfe tl»al It l» Imiwrwtrttbli 
to diroet wlar-royi. On Imving tho fw*»l at n»t, il i« «b*«rved tlmt 
tho oloudof vapour aottlw } clmring Is ir»t r^ttmrkud al Ihn ypfw 
portion of the vownt, and th® brilliant «dowr* tho ralnljow are««n on 
th® odg® 0 ! a olond of vapour,* Oil of H tlw voktik or 

«iaMaI oil of dr® wtlbknowa tplofe, dtitwmwi—givM nndar •Imitwr 
drcumitanop Wb@ mucm khad dl bul they am much l« voltt* 

mJnoM, to B^tudpf voIum Wort ind mftor ihs a^on 

boWh Tfilfttt lb «fflsld«»M« dter««i !• r®iiiM-kfld. Cl« applying 
‘dtt tho wfiotlmM (for ti» toluhUity dl osyfiii In th® oily 

Eqnid* nwadi Wh® temlai of th^ vapcmr, far Ihi olmng» of 

prewar®, and tttkhsga i«ri««d wwjwralita detomiittatltmi, So«t 
obtained th® foEowIng 1 two volume mms «|iabl« «f Wof dll- 

solved, when dcangid to Wdimiy (by h^Oai a wire to a r«l-h»l by ft 
gilvftalo wrroat) iner«a» m» vdnm®, itnee ii k ©vki^nt Omt In 
th® formation ol oiion® fehwo v^ajaa^ ^ My^n giv® two voltwa^ ^ 
drono—that i% lto4®n®i^ (jfttorrtd to hydr^i)*«»4 
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Th^ observations aixd determinations of Sotet showed that ozotie 
is heavier than oxygen, and eveh than oarbonio anhydride (because 
dsjpnised oxygen passes through fine orifioes more slowly than oxygen 
and than its mixtures with carbonic anhydride), although lighter than 
chlorine (it flow's more rapidly through suoh orifices than chlorine), and 
they indicated that ozpne ia one sf'fid a half times denser than oxygen^ 
which may be expressed by designating a molecule of oxygeir by O;, 
and of ozone by Og, and hence ozone OOg is comparable with compound 
substances*^ formed by oxygen, as for instance COj, SOj, ISTOj, &o. 
This explains the chief differences between ozone and ojtygen and the 
cause of the isomerism, and at the same time leads one to expect 
that ozone, being a gas which is denser than oxygen, would be liquefied 
much more easily. This was actually shown to bo the cose in 1880, by 
Ohappuis and Hautefeuille in their researches on the physical propertied 
<lf ozone. 'Its boiling point under a pressure of 760 mm. is about—106*, 
•and cdnsequently compressed and refrigerated ozone when rapidly ex¬ 
panded forms drops, i.e. is liquefied. Liquid and compressed ozone is 

® Ozono is, so to say, an oxido o! oxygon, just as water is an oxido of hydrogen. Just 
as aquooua vapour is oomposod of two volumes of hydrogen and ono volume of oxygon, 
which on combining oondonso into two volumes of aqOoous vapour, so also two volumos 
of oxygon aro oombinod in ozoan with ono volume of oxygen to givo two volumes of 
ozone. In the action of ozono on different eubstancos it is only that additionaV portion 
of its molooule by which it differs from ordinary oxygon that combinos with othov bodies, 
and that is why, under those oiroumstonoos, the volume of the ozonised oxygon docs not 
change. Starting with two volumes of ozono, one-third of its weight is parted with, 
and two volumos of oxygon rentoim 

The above observations of Sorot on tho capacity of turpehtino for dissolving ozono, 
together with Schanboln’s resoorohes on tho formation of ozone in tlio oxidation of tur¬ 
pentine and of similar volatildvogoteblo oils (entering into tho compositioH ot perfmnes).- 
also explain tho action of this! ethereal oil on tv groat many substances. It is known tliat 
turpentine oil, when mixed with many substemoes, promotes their oxidation. .In tW^ 
case It probably not only itself promotes tho formation of ozone, blit also dissolves ozone 
from'the atmosphere, and thus acquires the property of oxidising many stibstanoes. 1ft 
blooohos linen and cork, deoolorlBos ihdigo, promotes the. oxidation ahd.hardening of 
boiled linseed qil, ko. Those properties of Inrponthie oil are made use of in jpvaolico. 
Dirty llnori and many stained materials aro oftflily cleaned by turpentine, not only bCcauso 
It disHolvoB tho grease, but alsobooauso it oxidises it. Tho aumixtjiro.of turpentine with 
drying (boiled) oil, oll-oolours, nnd laoa aids thoir rapid drying booauso it attracts ozono. 
■Various oils ooouvring in plants, and entering into tho composition of perfumes and 
certain soont oxtraota, alto act as oxidisors. They act in tho samo manner as oil of tuv- 
pontino and oil of oimiamon. This perhaps explains tho refreshing Inflnonco they liavo 
in scents and other similar proparatimvs, and also tho salubrity of tho air of pjno forests. 
Water upon which a layer of turpentine oil has boon poured aoqiiiros, when loft standing 
In tho light, tho dlslnfooting and oxidising propdvtioe In general of ozonlsod turpentlno 
(is this duo to the formation of liuOs ?)• 

•0 Tlio donsoet, most oomplox, and hoaviost partiolos of matter should, mider dqnna^; 
conditions, ovidontly bo less capable 6f passing into a state of gaseous motion, should 
Boonor attain a liquid eftoto, aqd'havo a greater oohosivo loroo. 

The blue oolour proper, to ozOno may bo seen tbrougjx a tube ono metro long, filled 
with oxygen, contolnifig 10jp.o. of ozoaa Tlio denaity pf liquid'oiton,6 has not, so f/u? 
as I am aware, bo^ dotomlnod. 
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blue. In In winter &mm |»rily into oxjgon. T| 

csxplodis violently wh«*n i«tW(?nly emnpn<*fa4 wmi ht’intwl, cbanging into 
ordinnry ««yg«n mml uvalvjng, lik« ail i*x|4«*iw«l»Btonr«'%‘» thatwxtr* 
hm% whit-h tlisUngddbfS it fn»m 

Thus,, judging by wimt hM mid nmnn ahonld !m ftjrmtdl 

in nftturo not only in iho risinny ppufrtww-’J pf tmidation whl«'h go on, but 
ftlto by tb® eondttniiiticm nf ntmuspberk' «>xygif*n, Tho •iKnilltmnw» of 
o*one in nnturo baj often wrt^ted tH«» o! «4»«.rv«'irw, Thor© b 

ft wriw of (iwirmniotrlcid whkh show th«‘«liHVr*n»tftUHiunti 

of oxono in lit© titr Rt dilbutuii im'iililbs, at dgFpW’iit uf the yimr, 
and undi'rdilb'ri'nt cirrunisfitono's. liul tito «l»«''rvati«»n,!t madn In thb 
cUrtsotiou mmot Iw con9iel»»mi twaufficienUy ©sarlT, tlu’nwthcxiii 

inw*ofof doUmnining o»mo wore m*t «|uite *r*5Mrdte. It i« hawevor 
indkpotftble ** ti»t tl» wnonnt of o«»no In llto fttiwwidiertf i* subjwt to 
varittUon ; tli© air t>f dwulUn^ emitaliw noo#*ii«» fit iliMp|ira« in 
osWitIng oi^iinlc roftttor) | t}»l ltn» dr of 04d« and fartt*tei%i«iiya eon* 
tftlM «fmp, or iub«tftne« (prtwldu of tiydfu^n) whieb m-l liko it (m 
iodiwi fetorclt imptr «f o»niP Inmirtii* «.fter 

ttormi i and that mlatws, an* d«itwy«l by awniiiini tIsR 
ipbiPt, It mrily oxldlai* oriole wlwtofirpi, and mla*«jis art* |»r«l«c»d 
by opganio in^fcftoi»i«i4 ti» ^nm^i organkaM, »b of whivb ar*' radly 
ebangid and oxlditid. IndWk t«»«y ww»»« -■ for iswtoocw, ili*< vnkiilb 
ittbitanoo of dteompotteg org«f*tM—ure eli*rly d«trnyr<l *»r rhangdl 
not only by Qiono, butaludiy many olb**r powurfallytiiidiwng Bubitoncr*, 
lueh M ahlorinfl water, |xtto»ium iwremn^tate, and tJirt Uko.’* All 
that ii now known r«|)wttlng tht» pretpsw of tmaw in thr» mtr snay bt 

** All 6it|4<*«i¥fi and f»«,»!«’ I •»M|r» imA ia 

P’tpltKling-'Uml k, tea wkteh In iWi 

UMMcuwr (*<«« U» Ai«»f»TO|;»*»tttg 6w4v« I»|«si }« 

ill iWiwnp^wHum. Ttu» Uw and mnm 

la Purli U hm bmwi fewml th»l tk« tnw!} Ik# mmlrn »4 ilt* 
ttj« waeunt c»{ tmotw ia Uw atr. Th» fmmm %4 lirf* I* wti«k*4; In * rtiy »**»» me mvnf 
emdlU«H8 f« Uw de*t«»Mo» *4 »•». Tta wkf w* ta.ttunj ws m teit^ 

tmiu la iprittf ^ ftb »»tato# b»» «**#» lh«i» Is #«ia«it» i H*** un >4 R^M* »«•>»* tlw 
teaefrd lowu. 

»d pm^m« d *•«« ta ik« aif fe«* w»i fvi l«!i r»il| pIwI- 
Wdl,M ttiw« kf twiK. H 4*te«»4 M» ftte. *.,■*»»!»..» i.. 

ftdd (luri Ita ftmweata. sAJ. d* 0««** flfwial, te «tf4e4 u e%«lM.l8 si.® 

ol tueh bodies, p**i«di tk ttto^ a « fwtr wsi, d »*»•!,., 

thwsttgb a M p« e«i rfattoa d idpbttfto mAi 4» Hi.i «l»«ls..| 

and tested tUo air Haas |«ildl liir ^ *4 tmmm> A« «»•. »♦■»« w** 

dwtwitftl lh« nulhfir wweJudw llwl *11 ife# *f«wl« wbfcli ms* iatumtlj **» r,!*4 I-, 
riioaW b« wterml ki nlkmm sekl la* y* iwBiiJfcfc* BF< 4 B 4 t»» «^fiSlrs|. 

Moo, steet Mt« reewreb## of IW. SeW»W« m Ita d d to 

tee ataotpUera. 

te 51^ otldWaf el «««« Im Wfem wlwata^fn i»f fcr pafp)*»« | 

Iw testeftc#, to d««teos% wl«id^ I* ta fcw« W 
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summed up in the following words : A small quantity of an oxidising 
substance, resembling ozone in its reactions, has undoubtedly been 
observed and determined in the atmosphere, especially in fresh air, for 
instance after a storit, and it is very likely that this substance contains 
a mixture of such dxidising substances as ozone,„poroxide of hydrogen, 
and the lower oxides of nitrogen (especially nitrous acid and its ammonia 
Salt) produced from the elements of the atmosphere by oxidation and 
by the action of electrical discharges. 

Thus in ozone wo see ( 1 ) the capacity of elements (and it must be 
all the more marked in compounds) of changing in properties without 
altering in composition ; this is- termed isomerism; .( 2 ) the capacity 

of certain elements for condensing themselves into molecules of different 
densities ; this forms a special case of Isomerism called polymeriam, ; 
(3) ()ho capacity of oxygen for appearing in a still more active and 
energetic chemical state than that in which it occurs in ordinary 
gaseous oxygen ; and (4) the formation of unstable equilibria, or 
chemical states, which are illustrated both by the ease with which 
ozone acts as an oxidiser and by its capaoit;^ for decomposing with 
explosion.’® 

Uydfogm perojciie,—Many of those properties which we have seen 
in ozone belong also to a peculiar Substance containing oxygen and 
hydrogen and called hydrogen peroxide or oxygenated water. Thin 
substance was discovered in 1818 by Thdnard. When heated it ia 
decomposed into water and oxygen, evolving as much oxygon as is 
contained in the water remaining after the decomposition. That 
portion of oxygon by which hydrogen peroxide differs from water be* 
haves in a number of oases just like the active oxygen in ozone, which 
distinguishes it from ordinary oxygeni In HjOj, and in Oj, one atom, 
of oxygen acts as a powerful oxidiser, and on separating out it 
leaves HaO or Oj, which do not act so energetically, although they 
still contain oxygen.*^ Both H^Oand O 3 contain the oxygen in a com¬ 
pressed state, so to speak, and when freed from pressure by the forcea 
(internal) of the elements in another substance, this oxygen is easily 
evolved, and therefore acts as oxygon does at the moment of its liberation. 

tJaauos and for tlio rapid preparation of vinegar, although those methods have not yet 
rooolvod wide application. 

** Ii^omerlsm in olemonta la tonnod'affo<rojpi««t. 

A number of aubatanoea roaomble ozone In one or other of thoao roapeots. Thu». 
cyanogen, OaNa, nitrogen chloride, &o., dooorapoao with aji explosion and evolution of 
boat. Nitrous auhydrido, N 3 O 3 , forma a blue liquid liko oaone, and In a number of oases 
oxidiaos liko ozone. 

It ia ovidout that there ia a want of wbrda here for distiugulshlugjoxygen, O, as an 
ultimate bUmmt, from oxygen, O 3 , as a fv66 element, The latter should be termed 
oxygen gas, did not custom and tho.length of the expression render it ineenvenient. 









S08 


immarw op cimMimy 


Ikith ittbitAneM In dtwrapoalnf, with tlj*' r>f n |wrlUin ol 

iholr axygt^n, undw hmt, whlbt tl©«H«|K»3itior» in usually aerump&ni^ 
hj an of hiat. 

Hjclrttg«n\ per<» 5 tkhi it fovnml un«l*'r tuany rircutuntasHst'* by <»a. 
huiittm Miti pxldttlitw, l>«t ijt v*>ry t|u«.ntille# j thu<, f«ir inttaiic©, 

it la Buiidienfc to thako up ««e wslh awlplmrii* w'kl, f»r nvon with water, 
to ol»©rf« the fonM^oa etf n. wrtain tnwallly t»f hytlntgnu |wa*ido Id 
tlio wftfcw,*® Frum thb »»•«*, a wrlc* «»f 4ivrr#« ostliktba 

•proMww «keo««|dW»«i to «wi t« IV<»f. Heho«« of 

Mmxiw, hycl«^» j«nt>xkk ewor* iw llw allhnugh in varl» 

ftblu atul wsittU tiuftntitiiw, and |»rtA*l»ly Ito te couiiwteil with 

««on©, with whk>h it hai wweb In «>«»«». Tl» uiusl iwmIu of tht 
fomAtlott «f hytlft^n p«rcwW^, Mid Ihotoelho*! hy whirb li umy twin- 
4 ir«etly obtadi^,*? to % tho doahlii of wi arki and th# 

W SAteWa ilate ft«l «4 hfAvtett te fa ^ rp«s*W la 

•§♦#11 wsldnlkw l« wsliw «f to M«» «rf wi^m. Ae*«4t»^ t» 

hytlwfwtt |*«siAe ta »«!» Mt«ll to imte *#4 ii# t^»toer 

»f*He «t4 idir*fc», t« w#« ps*«M« l« ib» p*^*#**# «»f 

A idtefca rf" tel wwesfy, m !*f^l «!«)* Ankw ap tei 

iwiw MsWatof irtif|li.wrfe» hy4m>^i p*i«4W», fr«* aiwta 

MM »e* gi*» irt** fa li« l^ifwsA*. Tip® p%***t#« .•! ««*|l ^b«i}||« 

■rf k|4^p» Itt U»s f!»4 iliiiiiii# mmm te fcf iwwtf rwi«l}«'<m 

ftlia, s» efcw» 4 r ii« 4 t t« tfe# !#**««» *.ilt*r i« mtj rfjswterfafc 

3 lfyteif«a p««M« «wif«rte lh» «kwi«l« ««i4 bsfc* » liigW »htek te nf » 

•AwfeWuRwlew to «fe*r. TW« »ili«fw4 «!|«««« s« a r»rt*!a& 5 rff** 

•ikU®, »4 ttwwifew ttw |iWW» »>l hjdff^a wwy Ky mi*}^ 

UqaM ia b« wtlih sitesr w»4 i^Aiag wawy .4 « ®. hM>m <4 «hf«»»w.te upti. 

On rtsAlait wlirlwe »lli*¥ ii**«4w« liw» feliWf f«si4® .4 »|tteh k 

fnrm»i, ««4 feeqairw r Wtt« Tha fi*ni»Riift« «4 !« it* 

tioa a«fl »si4«yon (4 »)«i«l»lng of »»»»*! l<« «M34*>r«i»*i54 to 

the light «tf the to l»» twB^twwl *4 taln*^ 

in agiwwtns Ai the iwiawtil. rf il« w*4«ik?w « Ih«,s34l.in®» «iih « 

flUle Op Mirl g»VM Ji/h* A» thla l» ll»t«li«|s|», » Isff* |sf*.|*. f4 <1 ti 

^ewTOpwwl, a »mdl wwmril wly rptMianlwg wwiMuwuwl |t jt n# j,|.i*iBssh wafar 
imvmA htm II | Ak re»eMott wohm Wai, m4 IJ*** fpverm, to »«? t#r| 
l&iwi rtww tt»l ll» mm-Uan M/%* H|iH « Br,4«'»# n/mi |w*i wai*, 

IftoKi Ihia II wiU h# wi&iNkjdi bt»» mmf l* ih*» 4w#.«sp««Jii4-ft >4 hr4»<.«.;e** m 

wrt M tfit f»«l ttifti»i»«kt rtf WBimteJiw# wlifeil* m» m4 t.jf imjgm 
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peroxides of certain metals, especially those of potassium, calcium, and 
barium.^® We saw when speaking of Oxygon (Chap. III.) that it is only 
necessary to heat the anhydrous oxide of barium to a red heat in a 
current of air or oxygen (or, better still, to heat it with potassium 
chlorate, and then to wash away the potassium chloride formed) to ob¬ 
tain peroxide of barium.*' Barium peroxide gives hydrogen peroxide 
by the action of acids in the cold.** The process of decomposition is 
very clear in this case ; the hydrogen of the acid replaces the barium 
of the peroxide, a barium salt of the acid being formed, while the 
hydrogen peroxide formed in the reaction remains in solution.*® 

Ba 02 , is aocompamed by tlio evolution of 12,100 boat’units per 10 parts of oxygen by 
weight combined, and the passage of H 2 O into the peroxide- HaOa does not proceed 
directly, booause it would bo accompanied by the absorption of 22,000 units of heat by 
10 parts by weight of oxygen oombmecL Barium peroxide, in acting on an acid, evidently 
evolves less heat than the oxide, and it is this differonoo of heat that is absorbed in tho 
hydrogen peroxide. Its energy is obtained from that evolved in the formation of tho 
salt of barium. f, 

Peroxides of lead and manganese, and other analogous peroxides (see Chap. EQ,, 
Note 0), do not give hydrogen perOxido under those conditions, but yield chlorine with 
hydrochloric acid, 

Tho impure barium peroxide obtained in this manner may bo easily purified. For 
this purpose it is dissolved in a dilufe solution of nitric acid. A certain quantity of an 
insolublo residue always remains, from which tho solution is separated by filtration. 
Tho solution will contain not only tho compound of tho barium peroxide, but also n 
compound of tho barium oxide itself, a certain quantity of which always romains uncom- 
binod with oxygon. Tho acid compounds of the peroxide and oxide of bainum are easily 
distinguishable by their stability. Tho peroxide gives an unstable cothpound, aud the 
oxide a stable salt. By adding an aqueous solution of barium oxide to tho resultant 
solution, tho whole of tho peroxide contained in the solution may be precipitated as a. 
pure aqueous compound (Kourilofi:, 1880, obtained tho shmo rSsult by adding an excess 
of BaOj). Tho first portions of tho precipitate will consist of impurities—for instance, 
oxide of Iron. Tho barium peroxide then separates out, and is colleotod on a filter 
and washed; it forms a substonoe having a definite composition, BaOagSHgO, and is very 
purb. Pure hydrogen peroxide should always be prepared from such purified barium 
peroxide. 

** In the cold, strong sulphurie acid with barium peroxide gives ozoue; when diluted 
vrith a'oorlain amount of water it gives oxygen (see Note 0), and hydrogen peroxide is 
only obtained by the action of very wealc sulphurie acid. Hydrochloric, hydrofluoric, 
carbonic, and hydrosilicofluorio acids, and others, when diluted with water also give 
hydrogen peroxide with barium peroxide. Professor Sohiino, who very carefully investi¬ 
gated hydrogen peroxide, showed that it is formed by tlic action of many of the abovo- 
montionod acids on barium peroxide. lu preparing peroxide of hydrogen by moans of 
sulphurio acid, tho solution must be kept cold. A solution of maximum concentration 
may be obtained by suooossivo troalmonts with sulphurio acid of increasing strength. 
In this manner a solution containing 2 to 8 grams of pure peroxide in 100 c.o. of water 
may bo obtained (V, Kouriloff). 

With tho majority of acids, that salt of barium \yhioh is formed remains in solution; 
thus, for instance, by employing hydrochloric acid, hydrogen peroxide and barium ohlorida 
remain in solution. Complicated processes would bo required to obtain pure hydrogen 
peroxide from suoli a solution. It is much more convenient to t^e advantage of tho 
notion of carbonic anhydride on tho pure hydrate of barium peroxide. For this purpose 
the hydrate is stirred up in water, and a rapid stream of carbonic anhydride is passed 
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Tho rMwUon 5» ejcpretitd hy ih^ «|UAti«>r» BROj + HgSO^w.HaOj 
4 .BftH 04 . It is lK*st to tok« ft wmk mid at lulphuric iM’klandi 

to Almost salurato it with Imrium mi that a «tnu.U mmm at i^id 

romaini ; ln»alublo l»riutti auJplmto is fonnwl A fiu»m or losgtliluto 
Aqu#ou« ioluUcm of hydm^n jMitYmitIo is tthtnitoKl, This fMtlutimi tony 
\m oonoeutmted in a vacnum o^t-r nulphurio In this way th« 
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+Si!X-2NaX + H,0,«. 
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«idy. On a w4« h^tei«orfW«.»d4 to it* *4* tojui »te« 

towkUtinwfrta?. 

^W» mif to fwwi wy Wsito if mwwm ^ 
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' stances in a state of fine division show a much quicker action than com¬ 
pact masses, from which it is evident that the action is here based on 
contact (see Introduction). It is sufficient to bring hydrogen peroxide 
into contact with charcoal, gold, the peroxide of manganese or lead, the 
alkalis, metallic silver, and platinum, to bring about the above decom¬ 
position.**® Besides which, hydrogen peroxide forms water and parts 
with its oxygen with great ease to a number of sulj>stance8 which are 
capable of being oxidised or of combining with oxygen, and in this re¬ 
spect is very like ozone and other powerful oxidisers.^'^ To the class of 
contact phenomena, which are so characteristic of hydrogen peroxide as a 
substance which is unstable and easily decomposable with the evolution 
of heat, must be referred the following—that in the presence of many 
substances containing oxygen it evolves, not only its own oxygen, but 
also that of the substances which are brought into contact with it—that 


blooclilng feathers, hair, silk, wool, wood, &o., it also removes stains of all kinds, auoh as 
wine, inlc, and fruit stains; (2) it doatroys bacteria like ozone without having any injurious 
oiToot upon tho human body. It can also bo used for washing all Irinds of wounds, for 
purifying tho air in thd sick room, &o., and (8) as a preserving agent for potted meats, dec. 

As tho result of oarolul rosoarcli, certain of tho aatalyiio or contact phenomena 
have boon subjootod to oxoct explanation, which shows tlje participation of a substonoo 
present in the procoss of a reaction, whilst, however, it docs not alter the series of changes 
proceeding from mechanical actions only. Professor Sohono, of the Petroflsky Academy, 
has already explained a number cl reactions of hydrogen peroxide which previously were 
not understood. Thus, for instance, ho showed tliat witli hydrogen peroxide, alkalis give 
peroxides of tho alkaliuo metals, wliioh oombino with the remaining hydrogen peroxide, 
forming unstable compounds which arc easily decomposed) and therefore alkalis evince a 
decomposing (catalytic) influonoo on solutions of hydrogen peroxide. Only acid solutions 
of hydrogen peroxide, and Uien only dilute ones, can be preserved well. 

^ Hydrogen peroxide, as a substonoo containing much oxygen (namely, 10 ports to 
one port by weight of hydrogen), exhibits many oxiditing reaationt, (Tbos, it oxidises 
arsenic, converts lime into calcium peroxide, the oxides of zino and copper into peroxides; 
it parts with its oxygen to many sulpliides, converting them into sulphates, Sut, So, for 
example, it converts block lead sulplude, PbS, into white lend sulphate, PbSO^, coppor 
Bulphido into copper sulphate, and so on. The restoration of old oil paintings by hydrogen 
peroxide is based on tlxis action. Oil colours are usually admixed with white load, and in 
many oases tlio colour of oil-paints becomes darker in process bf time. Tlila is partly 
duo to tho Bulphurettod hydrogen contained in tho air, which acts on white load, 
forming lead sulphidu, wliicli is blade. The intomuxturo of tlio block colour darkens the 
rest. In cleaning a picture with a aolutiou of hydi-ogen peroxide, tho black lead aulphido 
is oohvorted into wluto sulphate, and the colours brighten owing to tho disappearanco 
of tho black 8ubBt(uioo wliioh previously darkened them. Hydrogen peroxide oxidisos 
with particular energy Bubstonoos oontaiiiing hydrogen and capable of easily parting 
with it to oxidising substanoeB. Thus it dooorapoaoa hydriodio acid, setting tho iodino 
free and oonverting tho hydrogen it oontaius into water j it also decomposes sulphurottod 
hydrogen in exactly tho same manner, Botting tho sulphur free. Starch paste with 
potassium iodide is not, however, directly coloured by peroxide of hydrogen in tho entire 
absence of free acids j but Uio addition of a small quantity of Iron sulphate (green vitriol) 
of lead acetate to tho mixture is enough to entirely blnokon tho paste. This is if, very 
eenslUvo roigent (tost) for peroxido of hydrogen, like tho test trith, chromic ndd and 
etihor (see Noto 6). 
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ig^ {I mt» in a manmr. It hc^hi.'res thm with oronis, th^ 
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.epipcJuite pekrlty. Brodw wiwii* dw pdiwilif «4 mfgm im r4.iMi4«aU*.«, tm» uiA m m 
tia»ffibifteA ski#, whM»t »Hpp«»«« wuswatm#*! wtl<i to |R*l*r dw, «»• 
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Mrlto S»0, wnrwipwdi) nad Ou*Or. Ito,, wWA wttJ to «toiqa*ittty 4««ritoA 





OZONE AND HYDROGEN PEROXIDE—DALTON’S LAW 218 


action on colouring matters, its capacity for oxidising, and for 
evolving oxygen from many oxides, is analogous to that exhibited by 
hydrogen' peroxide. Even, the very formation of chlorine is closely 
analogous to the formation of peroxide of hydrogen j chlorine is 
obtained from manganese peroxide, Mn02, and hydrochloric acid, HCl, 
and hydrogen peroxide from barium peroxide, BaOj, and the same 
acid. The result in one case is essentially water, chlorine, and 
manganese chloride ; and in the other case barium chloride and hydro¬ 
gen peroxide are produced. Hence water-f chlorine corresponds with 
hydrogen peroxide, and the action of chlorine in the presence of water 
is analogous to the action of hydrogen peroxide. This analogy between 
chlorine and hydrogen peroxide is expressed in the conception of an 
aqueous radicle, which (Chapter III.) has been uheady mentioned. 
This aqueov>8 radicle (or hydroxyl) is that which is left from water if 
it be imagined as deprived of half of its hydrogen. According to this 
method of expression, caustic soda will be a compound of sodium with 
the aqueous radicle, becauserit is formed from water with the evolution 
of half the hydrogen. This is expressed by the following formulse • 
water, IlaO, caustic soda, NaHO, just as hydrochloric acid is HCl and 
sodium chloride NaCl. Hence the aqueous radicle HO is a compound 
radicle, just as chlorine. Cl, is a simple radicle. They both give hydro¬ 
gen compounds, HHO, water, and HCl, hydroclJorio acid ; sodium 
compounds, NaHO and NaCl, and a whole series of analogous com¬ 
pounds. Froo chlorine in this sense will be ClCl, and hydrogen 
peroxide HOHO, which indeed expresses its composition, because it 
contains twice as much oxygon os water does.®® 

Thus in ozone and hydrogen peroxide we see examples of very 
unstable, easily decomposable (by time, spontaneously, and on contact) 
substances, full of the energy necessary for change,*® capable of being 
easily reconstituted (in this case decomposing with the evolution of 
heat); they are therefore examples of unstable chemical equilibria. If 
a substance oxists, it signifies that it already presents a certain form 
of equilibrium between those elements of which it is built up. But 

*0 Taraituui and Carrara (18M) eliowod by dotonniniug tho deprosaion (fnJl of the 
.temperature of the formation of ice, Chapters L emd VII.) that the molecule of peroxide 
of hydrogen, oonlaina H.jOa, and not IlG or lI.'sOj. 

rt) lilt 'pjie lower oxidoa of nitrogoa and ohlorino and the higher oxidos of inongonosa 
ore al«o formed with tho abaoriition of Insat, and therefore, like hydrogen peroxide, act in 
a iKiwerfuUy oxidiaing manner, and axe Tint fonmsd hy the Rome methods as the majority 
of «iUu'.r oxidoa. It ia evident that.hniug endowed with a richer store of energy (acquired 
to oombinatitm or by abaorption of heat), auoh substonees, compared with oUiers poorer 
to energy, will exhibit a greater diversity of oases of chemiool action with other shb- 
etooeos. 
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cRtmicftl; like meobanioal, equUiUrk exhibit difltwntdegrM* of RtAWlity 
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in muUipk iX tAai n.- fe , . or w/A w to rjq 

m %M§ inMam§ <m S ; 8 or 3 t 4. . . . 

1h® waalyik ©f mter dtowi timi to lOO part* by weight It «,«nt«inf 
11'll I pwti by w%ht of hydr^^ tad of oxypn, itnd tht 

aaidysk ©f ptrwdd® dl hydfOfw dhowt tl»t It mnl*ln# 94-i TJ parts of 
oxygen to 5*88B iwurti of hydwfi®. Jo thk th© anaSytls li twproMdi, 
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Ih&l 0 B@ m 4 ttt« MM itefwtii, tafen la ite mmm sawbw, 8t*f gtow t4 Hk* 

f«r«nl BtobiUty, wad, teUy, tel tew iMf wiitl stoi*« of wpilKbrrt wtoeh m> mt twatolX 
•80 epherapmJ, tel feb^ wlU a*!* «Rd#r parttealwly waslitoxit*—•Asb, fc# 

Mftmple, M isortote hydml«« msalteMd to te Erti eb^ptet f#*# Notw «, i?. m*t 
Aad U to one mm the tetoyilli ^ t fifia i4 i^aillbffWB to *ts|*f^ied bf t» 
to#toM% wilh a obwagn ol l*»p«tew« « «#, lh« ta II te 

hy te twtUiy with wbi^ ti doMn^MM tte «d »«ate/rtl m M 

te ftbwutoid tpjtsmna of oter tnboteMAi 









OZONE AND HYDROGEN PEROXIDE-DALTON’S LAW 215 


AS atxalyses generally are, in percentages ; that is, it gives the amounts 
of the elements in a hundred parts by weight of the substance. The 
direct comparison of the percentage compositions of water and hydro¬ 
gen peroxide does not give any simple relation. But such a relation is 
immediately apparent if we calculate the composition of water and of 
hydrogen peroxide, having taken either the quantity of oxygen or the 
quantity of hydrogen as a constant quantity—for instance, as unity. 
The most simple proportions show that in water there are contained 
eight parts of oxygen to one part of hydrogen, and in hydrogen peroxide 
sixteen parts of oxygon to one part of hydrogen ; or one-eighth part of 
hydrogen in water and one-sixteenth part of hydrogen in hydrogen 
peroxide to one part of oxygen. Naturally, the analysis does not give 
these figures with absolute exactness—it gives them within a certain 
degree of err.or—but they approximate, os the error diminishes, to that 
limit which is here given. The comparison of the quantities of hydro¬ 
gen and oxygen in the two substances above named, taking one of the 
components as a constant quantity, gives an example of the application 
of the law of multiple proportions, because water contains eight parts 
and hydrogen peroxide sixteen parts of oxygen to one part of hydrogen, 
and these figures are commensurable and are in the simple proportion of 
.1 : 2 . 

An exactly similar multiple proportion is observed in the com¬ 
position of all other woll-investigated definite chemical compounds, 

Wlion, for Oxtunplo, any olomont forms several oxides, they are Buhjoot to the law 
of multiple proportions. For a given quantity of the nou-motal or metal the quantitioa 
of oxygen in tlie different dogroea of oxidation will stand as 1: 9, or as 1; 8, or as S : 8, 
or as 9 : 7, and so on. Thus, for instonoo, oopper oombines with oxygen in at least two 
proportions, forming the oxides found in nature, and oallea the suhoxide and the oxide 
of copper, CuqO and CuO; the oxide contains twice os much oxygen as the suhoxide. 
Load also presents two degrees of oxidation, tho oxide and peroxide, and in the latter 
there is twlee as muoli oxygon as in tho former, PbO and PbOj. When a base and an 
acid are capable of forming several kinds of salts, normal, acid, basic, and anhydro-, it is 
found that they also clearly exemplify tho law of multiple proportions. This was demon- 
otraliid by Wollaston aeon after tho discovery of the law in quostioru Wo saw in tho 
first <:hii])tor that soltB show different dogroos of oombination with water of orystallisation, 
and that they ohuy tho law of multiple X)roportiQnB. And, more than this, tho indeflnito 
chemical compounds existing as solutions may, as wo saw in tho same chapter, bo brought 
uudor tho law of multiple, proportions by the hypothosls tlrat solutions are nnsfcablo 
hydrates formed according to tho law of raultiplo proportions, but occurring in a state of 
disflooiation. By moans of this liyiiothosiu tho law of niultiplo proportions booomos still 
more general, and all tho aspects of choinioal oorapounds ore subject to it. Tho dirootioa 
of tho whole contemporary state of ohomislry was dotcrmlnod by the disooveries of 
Lavtsisior and Dalton. By oudoavouririg to prove that in solutions wo have nothing els© 
than tho liquid producla of tho dissociation of deflnito hydrates, it is my aim to bring also 
this category of hidofiuito oomiiounds under tho gonorol principle enunoiated by Dalton; 
Just iv> astronomers havo discovered a proof and not a negation of the laws of Newton in 
perturbations. 
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imd therefor© tjift kw of multiple proportiona Is aowpttcl in chemistry 
08 tho tUrUt>g point from whioh other coniidera.t.ioni prcKowl 

Th© low of multiplu projKjrtiona w» tUscovorwl ot thw b^inning 
of this ctmtury by John Dalton, of Moncheistor, in invtmiigaUng tho 
compound* of oorbon with hydrogen. It oppfwxl that two gwooua 
compound* of th»i luhtt^no^—miw«h gw, CID, nnd olulkut gas, 
O1H4, oontaiia for‘on© and thi mme quantity of hydr«jgen, (iuwatltiea 
of oarl)on which itod In wultipl© propirtion ^ namely, marth gas 
contains relatively half iw much carbon m olcftaiit k«. Although 
nnalyii* of that timo was not exact, itlJl th© fteeurac'y of thk law, 
wogniaenl by Dalton, wm further coiidrrawl by mam luvurate Invcati* 
gationa, On ©itabliahing tho law of nmUlplo proiHjitlon*, Dalton gav® 
ft hypotlioUeal oxplftimtion for it, Thl« oxpkimlion li l*i«l on ^0 
fttomio theory of irntter. In fw’t, tlwi law of nmltiplc prtqMrtlons may 
b® wy w»Uy uaderttood by admitting tho atomic ifruoturo of mattor. 

The e«eneo of tho atomlo thi»iy it th&t matter It «upp«»«i to com 
Bkt of ftn-fl-gghtmomUoa of iinall iuid indivWblo pari**—«toa»--«whieh 
do not dll up th© whole apiMBo ticeupiid by a iut^teace, but itijad ftjpui 
from 6ftoh o&tr, m th© sun, plwatte, ind ttew do not fill up tho whol® 
ftpfto® of uaivertt, but tro at a d»t««> from »ch ofclwr, The form 
and propwblw of suhstaneui am dtlirtaiawl by llio ptmitlon of their 
Utom* in ipaot wad by Ihtlr ttato of moiitm, whilit the rtmotion* ao- 
oomplkhid by tttWt&ne« art undoratowl m rwUstrllmtions of the 
relative podtloai of fttmiw and ahttagt^ in timir motion. Tho Atomic 
roprmftatation of matter arwo in v«ry ancient and up to iwtoont 

®« IjeMdpptta, tttJd «»|»«Wly Irfusfwilst#, t« «#•»*, 

Bftntol nmller » mdie wp of fttoia»~lb»l. I»* td pwU »4 4iti«ir.tt. llw 

gwuwtricaf «f iwili m m «oU m «4wl«*4..n® vtHoh mvn 

de<l«e«i liy llw wii'iwil ftlonilgy fn«t» liwir pfsw»»i»4 ftliw 

plUJo#oph»rs from f(4l«»ln|; riwI Itis ekmiiw *1* very ittany *4 Ijoim, lit wI, 

Wni mliW by fArt, In dtft «4 H« {ullawcf*. llol«i»*s« p#«iw*il 

atoeate Uwery b* 4 ttm 4cwift»» of ih# ikWrA-nMumf |*hil,»»t|,4»r*t rb«9f« ii 

wttamUy a r«»«»te UitortaU m ilm tfoifttOw* ,4 and 

Oop«mloB8, kil U»f «• itifami f***r ©« sb# »i**w «imi m itw 

fiOfiMitiMU fttateMt iWiftitwtwll to » »lt4 s,h«»iral»»»»« ll to toll*? 

te wUl atefts WWtttM® iailpM*®!#, Tb# ttr«k atoJa » lb* toii» 
awedki to th* emd orlfl*»l mttm of ll*» **»r4«, Iml ta wwr*** <4 m»b fw© 

wetflibaf# acqulprf ftdlfcrsBi sMMtaf, Tto m 4 gw»ttwirii»lly 

dMtlbk and wly iadlfWhk In a warn Tii» Uw tian, « ma« i*r « Uf am 

incUvlflttal*, Tfen* ito *«!!»»«‘ t4 r«»Mi»sit*{«ir*r3r 

indivi&ibi* in »«i@, tea tltow anite wiili wMeH m» mm «!«/»r«riwl in ibe in* 

V 0 »UpUon of th* natnmj phwowaaef »»W«, Jnrt m a ii«w i« w tt«n ift 

thft invMUgatitm of »oeW r«laliott*, w m lh« »tari, | 4 iii«t#, »» 4 } nwtftfcfwiwf*# m m 

ttttenaomy. Th* lorroaUw of ttm r«rl«x hf|^Aii«}i, Sh which, m w« atoll aftorwanhi •»% 
al«M aM wUm whirls «a#dia»l«Uf seteplM, aSAw^h 

cil®Mfly sh«w« that th« sejenOftn m« d «w Um In to th# ttonry tov» 

only bmrowod'th* iwa m 4 fora of fjtprw^ten hmi lh« awtot and #»l the 
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ever, tho majority of scientific men uphold the atomic hypothesis, 

eseenoo of thoir atomic doctrine. It is erroneous to imagine that tho contemporary con> 
ceptions of the atomists are notliing but the repotition of the metaphysical reasonings 
of the ancients. To show the true moaning of tho atomism of tho ancient philosophers, and 
the profound differonoo between thoir points of argOment and those of contemporary 
men of science, I oito tho following fundOmontal propositions of Democritus (n.c. 470- 
880) as the best expounder of the atomio dootrine of tho ancients;—(1) Notliing con 
proceed from nothing, nothing that exists can disappear or be destroyed (and henoo 
matter), and every change only oonsists of a combination or separation. (2) NoUnng is 
ocoidoiital, there is a reason and nooossity for everything. ( 8 ) All except atoms and 
vacua iO reason and n 6 t eicistehoo. (4) The atoms, which nore iniiriilo in number and 
form, constitute tho visible universe by tboir motion, impact, and eonseguont re¬ 
volving motion. ( 6 ) Tho variety of objeots depeiids only upon a dilference in the 
number, form, and order of the atoms of which they are formed, and not upon a quali¬ 
tative di^orenoe of their atoms, wMoh only act upon each other by preasuro and impact. 
( 6 ) The spirit, lUto five, oonsists of minute, spherical, smooth, and very mobile and all- 
penetrating atoms, whoso motion forms tho phenomenon of life. These Demooritiau, 
ohielly raotaphysioal, prinoiplos of atomism ore so essentially different from the prin¬ 
ciples of tho present atomio doctrine, which is exclusively applied to explaining tho phe¬ 
nomena of tho oxtomal world, that it may bo useful to mention tho ossonoe of tho 
atomio propositions of Boscovitch, a Slav who lived in tho iniddlo of tho eightoeuth 
oonthry, and who is regarded as tho founder of the modern atomic doctrines which, 
however, did not take hold upon tho minds of scientific men, and wore rarely applied 
prior to Dalton—i.o. until tho beginning 9 ! tho ninotoonlh century. Tho doctrine of 
Bosoovltoh was.enunciated by him in 17C8-17C4 in his ‘ Pliilosojphica natitralis ihcoria 
reduota ad unioam legem viriim in natii/ra cxiatontium’ Boscovitch corrsider.s 
matter to bo composed of atoms, and the atomsio bo tho points or centres of forces (just 
as tho stars and planets may ho considered as points of space), acting between bodies and 
thoir parts. Those, forces vary with tho distance, so that beyond a certain very small 
distance all atoms, and hdnoc also thoir aggregates, are attracted according to Newton's 
law, but .at loss distanoos, there nltomato wavo-lilto spheres of gradually decreasing 
attraction and inoreiising (as tlio distance dooroasos) repulsion, until at last at a minimum, 
dietanoe only tlie repellent action remains. Atoms, therefore, cannot merge into each 
other. Consequently, Uie atoms Are hold at a certain distance from each other, and 
thoroforo OQoupy space. Boscovitch oompoxes tlio sphere of repulsion surrounding the 
atoms to the spheres of action of firing of a detachment of soldiei's. According 
to his dootrino, atoms are indostruoUblo, do not merge into each other, have mass, 
aro everlasting and mobile under the action of tho forces proper to Uioin. Maxwell 
rightly calls this hypothesis tho ‘ oxtromo ’ among those existing to explain matter, bub 
many aspects of Bosoovitoh’s dootrino repeat thomsolvos in the views of our day, wilJr 
this essential dilloronco, that instead of a mathematical point fumishod with tho pro- 
portloB of mtisB, tho atoms arc ondpwod with a coiporality, just as the stars and planota 
oro corporal, although in cortafn’aspects of thoir interaction they may bo regarded 
as mathoinatioal points. In my opinion, tho atomism of our day must first of oil 
bo regarded merely as a convenient motbod for the investigation of ponderable 
matter. As a goomotricion in reasoning about curves roproBcnts thorn as formed of a 
sucoOBsion of right linos, booauao such a method enables him to analyse the subjeoi 
under investigation, so tbo soionliflo man applies tho atomio theory as a method of 
onalyBlng tlio phonomona of nature. Naturally there aro people now, as in onoiont 
tlmoB, and as thero always will bo, who ai>i)ly reality to imagination, and^ thoroforo 
there are to bo found atomists of oxtromo views; but it is not in thoir spirit that wo 
should aotoowledgo tho great sorvioee rendered by tho atomio dootrine to all scisnoot 



' .J"*;'"'■'‘•-n...„^ 

., '," ..KWita 

•* _ ^....... . '-...,.,4^#^ 

■**‘- .. ' i A 

*** ****^ •« 'inlii Hl^fagt a* 

”*«•••••- ■***“ •**'*» 

•• - * : *,•*» *» w < 

.... . ^.:***^ «« <»»» fc fc 


' -r'. , S,, , 1 ^,,^ 

' '*''1 '■o rflW I |*t ^ 

t I . 4 M, ,i I, * 11 ;" */y| 

' '' ' -*'> .ir J 

*** ' '' ^ *" r .4* M, , . .,. . 

*’■'** . ..i 4.5, ,J. ’ ; , . 

usSSa’r;"'^ As"<..! ^)’/f .«S;!Rff ^ 










OZONE AND HYDROGEN PEROXIDE—DALTON'S LAW 219 


A certain number of atoms n of an element A in combining with 
several atoms m of another element B give a compound A^ each 

motion. Thus motion has booome a ooncoption inseparably knit with the oonoeptiob 
of matter, and this has prepared the ground for the revival of the dynamical hypothesis 
of the constitution of matter. In the atomic theory there has arisen that generalising 
idea by which the woiid 61 atoms is oonslruoted, like the universe of heavenly bodies, 
with its suns, planets, and meteors, endued with everlasting force of motion, forming 
molecules ns the heavenly bodies form sysloms, like the solar system, which molecules 
are only relatively indivisiblo in the samo way as the planits of tlie solar system are 
Inseparable, and stable and lasting as the solar system iA lasting. Such a representa¬ 
tion, without noooBsitating tho absolute indivisibility of atoms, expresses nil that soionoe 
eon require for an hypothotiool representation of the constitution of matter. In closer 
proximity to tho dynamical hypothesis of tho constitution of matter ia the ofb-timea 
revived vortgsn Ivypothem. Descartes first endeavoured to raise it | Helmholtz and 
Thomson (Lord Kelvin) gave it a fuller and more modem form; many aoiontifio men 
applied it to physios and ohemiatry. Tho idea of vortex rings servos ns the starling 
point of this hypothesis; those are familiar to all as tho rings of tobacoo smoko, and 
may bo artifloially obtained by giving a sharp blow to the sides of n cardboard box 
having n circular orifice and filled with smoke. Phosphurettod hydrogen, as. wo shall 
See later on, when bubbling from water always gives very perfect vortex rings in a still 
atmosphere. In such rings it is easy to observe n constant circular motion about thoii: 
axes, and to notice tho stability tho rings possess in their motion of translation. This 
uuolittngoablo mass, endued with a rapid inlomal motion, is likened to tho atom. In a 
medium deprived of friction, such a ring, as is shown by thoorotioal considerations of the 
subject from a mochanioal point of view, would bo porpotual and unohangoablo. Tho rings 
are capable of grouping logothov, and in combining, without being absolutely indivisiblo, 
remain indivisible. Tho vortex hypolhosia has boon ostablishod in our times, but it has 
not been fully developed; its application to ohomical phenomena is not clear, although 
not impoBsiblo ; it docs not satisfy a doubt in rospoot to tho nature of the space existing 
bolvvoon tho rings (just ns it is not clear whnt exists between atoms, and botwoon tlio 
planets), noilhor does it toll us wliat is tho nature of tho moving substance of tho ring, 
and therefore for the prosonb it only presents tho germ of an hypothetical oonoeption of 
tho oonatitulion of mattot; consequently, I oonsidor that it would bo superfluous to 
speak of it in greater detail. However, tiro thoughts of invostigators are notv (and 
naturally will be in the future), as they wore in tho time of Dalton, often turned to the 
question.ol tho hmitatiou of tiro nieelianioal division of matter, and the atomista have 
eoorohed (or an answer in the most diverse aphtres of nature. 1 select one of the 
methods attempted, wliJoh does not in any way refer to ohonilstry,,in order to show how 
olosoly all tho provinces of natural soionoe are bound together. Wollaston proposed tho 
Investigation of tho atmoaphero of the heavenly bodies as a moans for confirming tho 
oxistonen of atoms. If tho divisiWlity of matter bo infinite, then air must extend 
throughout the entire Hpao^^ of the hoavons as it extends all over tho earth by its olaslioity 
and (lilluHion. If tho infinite divisibility of matter bo admitted, it is impossible that any 
p(»rtiou of tho whole space of the universe can bo entirely void of the component parts of 
our atmosphere. But it matter bo divisible up to a certain limit only—namely, up to the 
atom—then there can exist a heavenly body void of an atmosphere; and if such a body 
bo dlBOOVorod, it would servo as an important factor for tho aoooptation of the validity of 
tho atomic doctrine. The moon has long boon considorod as such a luminary and this 
oircurastanoo, otqiooially from its proximity to tho earth, has boon cited as tho best proof 
of tho validity of tho atomic dootrino. 'This proof is apparently (Poisson) deprived of 
some of its forco from the possihility of the transformation of the oomponertb parts of 
our almoHiiIiero into a solid or licinid state at immonso heights above tho earth’s surface, 
where the teinitoraturo is exceedingly low; hut a sorios of researches (Pouillot) has shown 
that tho teini)oraturo of tho heavenly space is comparatively not so very low, ojid is 
attainable by experimental moans, so that at tho low existing pressure tho liquefaction 
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altliougb tho pr(»!«*nt conceptlcm of an atom ia quite ilifTetent from that 
of the ancient philcmophert. An atom at tfie pn«t*nt tiny ia 
rather as an individual or unit which ii indivisihle Uy phyairal’® luul 
ehotnical forces, whilit tlse atom of tl»M anciwita was artually nn'clirtnirtilly 
and geomotrimlly irullviiible. When I>allint(I80-l)cii8TOvrrril the kw 
of multiple pro|iortiana, ho promiuuaKl hiiufc-lf in favour oi tho atomk 
doctrine, Imeause it emhl« thii kw to l»e very cm«ily unt!ewt«KKl. If 
the divkibillty of every element hiw ft limit, namely tlm atom, th«u tho 
atoms of oletmmte «,«(tho extrtuno limite of idl divwibilily, ami if they 
dilTor fnim each other in their nattire, the f«rmiitit»n of a oomjKmnd 
from elcinetitary matter muBt cunaiat in the ajigregatiun of w^veml 
din«ri*tit atoms into one whok or By»tew of »t*»inri, now tormnci 
parHclvi or ■mokcalcs. Aa atoms can ordy wunbine in their entire 
roft««, it h evident that not only tJio kw of definite cutupeaitioii^ but 
idto that of multipk proportion*, mutt apply to tho eombinalimi of 
fttonsB with one ntiotherj for ono ntew of a wkitancri mn iximbln# 
with one, two; or three atom* of another iulwknwi, or In genoml on©, 
two, thro© atoms of <me on* able to twmbiiw with onu, two, 

or three atoroi €»f anothtrj thto Wng tho mmnm of th«'» kw of 
muMpk proportoki. Okwaicd ami phyulcal tkto. aro very well ox- 
plaint by th© aid of th« itante tkwwy. Tlw tlwpki^nwiit of one 
elwowit by another fellowi kw d! iqnivaknry. In tltk <m® 
or sovorad atom* of a given d»mint tol« tlm pk«» t*f on© or several 
atc«ms of another x^kment In ita eompoumk. T\%m atom* of tUtliriat 
tot«tanoM can 1)® laalxtt:! togttber in the •ome mnm «a »ml «n bo 
mixed with oky. Tlvey do not. unito into mm wholo»~?,#, is not 
a porf^ blending in the on® or oth«r easti, Iwt only a juxtopmfcitw, a 
bora<»gtm«mB whtjlo Iwing funnnd from individual fiorto. This la the 
fiwt and mt»t oimpk tnetliwl of ttp|»lyhkg tho aiMnie Uwiry tt» the oi- 
pknatloa of ehemioal ph©ooio«tva.“ 

wUdi, whde ft Hm I>«m MkmlWtf Am«|np«>d, K if il to (Miwt IM 

Mtes alt iitow M itMrttiM ^ Ito a <4 ito «W7|«MRi. 

afento daoWnw. 

^ ««d el tto tJkmm *4 w»1 mm- 

p«M&, l» whWa dwwfif Bpabotowl tto lilffiwmw «4 ikm *«p4«k« tt*m sti» rvfm- 

ii«Wta» of aad«te. New waif Ito nt ©>• »!«»«»»«, l»f 

tei*^ tm tonwed atew, ««A ito of f»«s*a|»«wU t»- 

dIvWbla oflApp mm tom»»4 laetiwftte# { mm Ai««t»b ink* mknm t»f 

otonjloal fctro«»a, 

o® In Uu. jOTwtl «w«4kw «i aetew., #lb«r tto al«»te Ayit^wlrml hyt»4h^ 
i# toovitalils’ abligwl ki wlwil tto «acl»fcw»«* af m tevtrtt*# wj 4 jawlkw fa 

ipaaKfW, wttoottt whitsh R ia impwtiW# bi Si^t pf hmh m 

JtwswEtj or Miy df lltB niMlJwWt m TIi»» 

e«wvitot motoft to a«toMa« tafc te b« MMltoapwpWeto M wmAJm^miA ^*|A 
adl elwn, ©r to ®o«a or otoar, to toi»wpN*i«ittt« i«lfcwH4 



OZONE AND HYDEOOEN PEROXIDE—DALTON'S LAW 219 


A certain number of atoms n of an element A in combining with 
several atoms m of another element B give a compound A„ B,», each 

motion. Thus motion has become a conception inseparably knit with the conception 
of matter, and this has prepared the ground for the revival of the dynamical hypothesis 
of the constitution of matter. Ih the atomic theory there has arisen that generalising 
idea by which the world &f atoms is constructed, like the universe of heavenly bodies, 
with its suns, planets, and meteors, endued with everlasting force of motion, forming 
molecules as the heavenly bodies form systems, lika the solar system, which molecules 
are only relatively indivisible in the same way as the plandts of the solar system are 
inseparable, and stable and lasting as - the solar system lasting. Such a representa¬ 
tion, without necessitating the absolute indivisibility of atoms, expresses ^ that science 
can require for on hypothetical representation of the constitution of matter. In closer 
proximity to the dynamical hypothesis of the constitution of matter is' the oft-timea 
revived vort$x hypothem. Descartes first endeavoured to raise it; Helmholtz and 
Thomson (Lord Kelvin) gave it a fuller and more, modem form; many scientific men 
applied it to physics and chemistry. The idea of vortex rings serves as the starting 
point of this hypothesis; these are familiar to all as the rings of tobacco smoke, and 
may be artificially obtained by giving a sharp blow to the sides of a cardboard box 
having a circular orifice and ^ed with smoke. Phosphuretted hydrogen, as. we shall 
see later on, when bubbling from water always gives very perfect vortex rings in a still 
atmosphere. In such rings it is easy to observe a constant circular motion about their 
axes, and to notice the stability the rings possess in their motion of translation. This 
unchangeable mass, endued with a rapid internal motion, is likened to the atom. In a 
medium deprived of friction, such a ring, as is shown by theoretical considerations of the 
subject from a mechanical point of view, would be perpetual and unchangeable. The rings 
are capable of grouping together, and in combining, without being absolutely indivisible, 
remain indivisible. The vortex hypothesis has been established in our times, but it hire 
not been fully developed; its application to chemical phenomena is not clear, although 
not impossible; it does not satisfy a doubt in respect to the nature of the space existing 
between the rings (just as it is not clear what exists between atoms, and between the 
planets), neither does it toU us what is the nature of the moving substance of the ring, 
and therefore for the present it only presents the germ of on hypothetical conception of 
the constitution of mattet; consequently, I consider that it would be superfluous to 
speak of it in greater detail. However, the thoughts of investigators are now (and 
nat'urally will be in the future), as they were in the time of Dalton, often turned to the 
quostion.of the limitation of the mechanical division of matter, and the atomists have 
eearohed for an answer in the most diverse sphbres of nature. I select one of the 
methods attempted, which does not in any way refer to oheiriIstry,.in order to show how 
closely all the provinces of natural eoionoe ore bound together. WoUaston proposed the 
invostigstion of the atmosphere of the heavenly bodies as a means for confirming the 
existence of atoms. If the divisibility of matter bo infinite, then air must extend 
throughout the entire space of the heavens as it extends all over the earth by its elasticity 
and diffusion. If the infinite divisibility of matter be admitted, it is impossible that any 
portion of the whole space of the universe can be entirely void of the component parts of 
our atmosphere. But if matter be divisible up to a certain limit only—namely, up to the 
atom—^then there can exist a heavenly body void of an atmosphere; and if such a body 
be discovered, it would serve as an important factor for the acceptation of the validity of 
the atomic doctrine. The moon has long been considered as such a luminary and this 
circumstance, especially from its proximity to the earth, has been cited as the best proof 
Of the validity of the atomic doctrine. 'This proof is apparently (Boisson) deprived of 
some of its force from the possibility of the transformation of the componeirii parts of 
our atmosphere into a solid or liquid state at immense heights above the earth’s surface, 
where the temperature is exceedingly low; bnt a series of leseorohes (Pouillet) has shown 
that the temperature of the henve^y space is comparatively not so very low, and is 
attainable by experimented means, so that at the low existing pressure the liquefaction 
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molecule of which will contain the atonaf of the ol«n«tt« A end B in 
this ratio, and therefore the compound will prmont m ampmUim^ 

of th« g»BM of thft fttmoiptwo e*»m* Ibo «*p«ote<t ew» m Wwi mcKm. tim 

ftbwsncm of ab Atmo«]ph«« abmifc lh« m<xm, if il w« ael Atttjool to Ambi, wt«l4 b« 
<»anfe«fl Ad a forcnjl* prof of tbe Atook ttwMwy, A@ a proof of Ut«* Ri»#o« of m Iwwr 
fttoio«pli«r«, H S# elted iJiat lb« mooa, ia Ito indopBwkwl »«*(»» brtwwm Hr# »A«m, wb«ij 
^dlpslttg a stMH-tittftI i% wbaft pwriuf bolwwa lha «ye aad li» riwl #}»* «i|-| 

dgnd of if«frwMe« $A It* «%«{ Uw* imag* of tf» *t>« wA idtor j|« pislikw In tb« 
Ml apjitPOAdbiaf th« me«*« «wfae«, (WttneqawUy ll»«> j« »«»ftkwwjaMsiw cwn tH« 
>inoM*R Mkpable of teftaetbtg tb« imp of hf hk Hwb i« U>» Ly wbWi 

tho Abi«a«i of ft tour fttenowj^wro la ftokr»wi<»4f«^. Bol ibta eaiH'lwwioj»« m*»t leoWa, 
ft«a thftre ftTfi ev«w fact# In osnol ©ontTwlk^tiM to il, by wbwh lf»o mini^nm of a Jttnw 
fttmosithoro may bo prowl. The onUr* »nrfa«i trf lha roww t« «c»¥»>»4 with a, numbtr di 
moon^na, having in the majority of cmm the «»i«U f«m» natttml to Tho 

vdk«onle oharactor of liio Imiftr nwjonWna w» w«Aniw4 In iWItt, whrsn m oh*«ft 

■Wft8 obMTVod la the form of one of (th» omtor Unttm). munniaina mart 

bo m th® ftdp of tE« Ivmx diao. Se« ia th»y mmm w« awjtiw and 4ai«r» 

aiith ©baormtoM m the warteee of dm iwwm, m timi wkm bwiAii^ at tJ« «%« ©| 
■tb© l\a«r also wi WB db%«a to bmA» tmr ©.b^wratiM* swA «» tb« mtnon*# anrlaw?, Imt 
ftt tJw aamialto ©f U»e Inaw mcmnWaa. Tlm«© womiWa# *t« b^rlmr li»« thow «* 
«i» earth, and ommqmMy ill tbdr wcoamlto the ltt»« m»*t \» 

m<A«l «t« tf it ptmm m ©b««r«Wa dually al lh« wtrfass©. IC»»wtng Uie miww a| 
the moon to b« <d^t^4w© «f tha Mrth, we aw aM«i to4«tamiM 

eppmtefttoly mat fttanotpima al the won'* «wkM w««l4 b« alKnil twwlf^ 
dighl iiB«» l4h^ it i» M th« warth, aad ai tJm wy w.rla*itt vi ^ 

imoM IIm K^raotlon dt light by the Imair atawM^hm m«Ml be v«ry d^hl, aikI al tiM 
Jirfghto of the kawof nsMalatai It a#iM^ b# topw^hbto, a»d w«>«hi b® hwd within th« 
tlfloitti of ^qp^rtmurlal <mm, to© atem of nahwttaa «if i%ht al the t4g«i of 

toe moM'a dli« w*mol pt be wrf©d la faww of toe al»«iwi» a IwjiMf ataw^ftonw, 
Thar© i« oven a a«riM of obawtailaaa oh%li^ M to admit too nktatoaM of ttna RtttK»> 
Tha«« maaridMW we doe to Blr folws Ile^wb Thk 4a what h» wrti**: ' II l«.« 
itfbHi beon nmarM that during toe MiipM ttf a t»y toa mm* tliore cwrur* 
opdeftt Dlutkm; it aeetnti m il Um etwr Mw» diMppMrini |waMd «iv«r toe mlgm wf toe 
moon and is M»n through liw lunar dl»e, immUmm f«w a »to«»f kmg pwrtwl «f tern I 
mpalf haw obaerwd tWft itowtwwoM, and it ha* !»•« wiliw^i by tnwl* 

wiarUiy obawvrtu. I aiwribo il to oj*WeaJ iUawwi, l«l it mm% t« e4»»iH#«i iSwl Ibe »!** 
might haw boon e«»n on too lunM tow tJmnUfb fc*»a d«wp mvttw w» toe nuwjtt.* ttoiwllw, 
In Bulffum (iSSfl), foUowiuii' too <»pi»k« of Ca^ti, JKitor, a»«l otlwi*, gave m Midam- 
ften of tok ph«»»*noo: b« oen^tam it due to toa rufirskhisu «4 hgbi to Ui» vaStoys of 
to® luBft* mottntaiw whWh o«r m to« edge of to® liwwr In imK »Jto«iu«h Utt«« 
■vaUeya do not pwWbly to« fe«m ©f iiil«%hl pi tl may atmairtiww 

happM tofti too )%hi el a star l« bo rfAwlrf ih«4 ito tnigbl he m<m, H<»lwiih- 

shStof to« ah*««i of a lar to® l^hhmp. Its to« i»a %u ftiwark 

'toattoidM^^y of toa tewr mwl b© varttote la dtii»iwl twurfa, mwwi; to 

la#i nl^hls m tt» »©». Ou to« dark, or i»n-tflawii«4««l |»»rt4t«i, l•«tng to 
toil* tof a^hti, whteh laet iWrt^ of our days and w^hto, llwff> »»*41* w 

01 ^ h«rt iw®« ateM^pbm, whBe, m to« «*tr«f, t« to© iUnmijiMaiial to« 

lAimosphw© fflmt h© warn »rrf*d. Sri* twialtea i# ilm taiapwaiiWB «f Hw 
dHtarml psrts of to© i*mj«'@ mstim wqpfeito alw Ihu ataw* of »t4%4to«ton4i»^ 
•to© poadbloprtwnfta erf dbciUftdafuwuiftpMr, Ml toe tWi»h.I*wtow«4tli* !»»•«. tha 
of an almo«|to«» lend to« wa »d fdawi^ !»%«>« fr<i« a^?atni«»*p»J «W«»a* 
to©B«, be ocmsldered m fttUy pawto On Juplw and ««« hwi« <4 elomli 
ffiftyh© dt»ttagttSto«d. Tlina too atonk d«ebPto«, «. taita mwiliMilmi 4lvh 

Bibi% only, lOMt be, M y«l at Iwurt, eejy a# a imwiM, rtmiki- to tort *b««@ 

wbitoftmato«ttRtWMM»|>l©pwh#ah« haPM^uf «grfttto«if Hft# tot© & 
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expressed by the formula A„B„„ where A and B are the weights of the 
atoms and n and m their relative number. If the same elements A 
and B, in addition to A„B„, also yield another compound ApB,, then 
by expressing the composition of the first compound by A„B^, (and this 
is the same composition as A„B^), and of the second compound by 
Ar,,Bjni w’e have the law of multiple proportions, because for a given 
quantity of the first element, A,.„, there occur quantities of the second 
element bearing the same ratio to each other as mr is to qn ; and 
as TO, q, and n are whole numbers, their products are also whole 
numbers, and this is expressed by the law of multiple proportion. 
Consequently the atomic theory is in accordance wth and evokes the 
first laws of definite chemical compounds : the law of definite composi¬ 
tion and the law of multiple proportions. 

So, also, is the relation of the atomic theory to the third law of de¬ 
finite chemical compounds, the law of reciprocal combining weights, 
which is as follows :—If a certain weight of a substance 0 combine 
with a weight a of a substance A, and with a weight 6 of a substance 
B, then, also, the substances A and B will combine together in quanti¬ 
ties a and h (or in multiples of them). This should be the case from 
the conception of atoms. Let A, B, and 0 be the weights of the atoms 
dE the three substances, and for simplicity of reasoning suppose that 
combination takes place between single atoms. It is evident that if 
the substance gives AC and BO, then the substances A and B will 
give a compound AB, or their multiple, A„B,„. And so it is in reality 
in nature. 

Sulphur combines with hydrogen and with .oxygen. Sulphuretted 
hydrogen contains thirty-two parts by weight of sulphur to two parts 
by weight of hydrogen; this is expressed by the formula HaS. Sul¬ 
phur dioxide, SOa, contains thirty-two parts of sulphur and thirty-two 
parts of oxygen, and therefore we conclude, from the law of combining 
weights, that oxygen and hydrogen will combine in the proportion of 
two parts of hydrogen and thirty-two parts of oxygen, or multiple 
numbers of them. And wo have seen this to be the case. Hydrogen 
poroxido contains thirty-two parts of oxygen, and water sixteen parts, 
to two parts of hydrogen ; and so it is in all other cases. This con- 
eequence of the atomic theory is in accordance with nature, with tho 
results of analysis, and is one of the most important laws of chemistry. 
It is a law, ^cause it indicates the relation between the weights of 
substances entering into chemical combination. Further, it is ,an 

number of straight linos. Tlioro is a simplicity of representation, in atoms, but there ts 
no absolute noCossity to Ivavo recourse to them. Tho oonoeptiou of the individuality of 
the parte of matter exhibited lu ohemiool elements only is necessary and trustworthy. 
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©mineAtly oJEocb law, and nofc an approximate on®. Tis® kw of <x>m* 
bitting weights k a Im of naturo, and by no m®«uM an hypothMk, &» 
even if the ontiro theoiy of atoms bo refuted, itlU Ao kw» of midtiplo 
propontaotti and of oombining weights will mnaitt, inasmuch m th^ 
deal witli fact*. They may bo gucMtod at from the tens© of Ao atomks 
theory, and historioally the law of combining woighk k intlmatoly 
oonneoted wiUi this theory} but they oro not identical, but only 
oonneoted, with it. The kw of combining wdighto is fonnukWl with 
great ease, and k au Immediate «)ntw|uen«!> the atemlo ttiAory j 
without it, it is oven diOkult to utulorstand. Data for I'te ovdittWott 
existed previously, but it was not fonnukkd until tho« data, were In¬ 
terpreted by the atomic dtieory, an by{K)Ui6»i8 which up te the prt^ml 
time ha» oontmliotod neltlmr oxperimenb nor Imi, anti k u»o!uI ami 
of general appUoatlon, Saab is the nature of byi»th««. Thiy are 
Indispensable to soianM; thoy bestow »« ordwr and siroplielty wluA 
ar© diflioultly attalaabk witoiout their aid. whole hlitery dt 
adenoe k a proof of thk And thwforo it may bt truly mid that it 
is bettor to hold to an hypoAw which may afterwartii prove untro# 
than to have none at all. IIypotli««« faeUitoto sctomMu w«rk wad 
render It eooidstmh la the ^reh for trotli, like the plough of ^ 
Jhuabandmim, th«y htlp fwward the wwk d th« kbourw. 
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CHAPTER V 

KITROOEN AND AIB 

Gaseous nitrcgm forms about four.fifths (by volume) of the atmo* 
sphere; consequently the air contains an exceedingly large mass of it. 
Whilst entering in so considerable a quantity into tW composition of 
air, nitrogen does not seem to play any active part in the atmosphere, 
the chemical action of which is mainly dependent on the oxygen it con¬ 
tains. But this is not an entirely correct idea, because animal life 
cannot exist in pure oxygen, in which animals pass into an abnormal 
state and die; and the nitrogen of the air, although slowly, forms 
diverse compounds, many of which play a most important part in 
nature, especially in the life of organisms. However, neither plants * 
nor animals directly absorb the nitrogen of the air, but take it up 
from already prepared nitrogenous compounds ; further, plants are 
nourished by tho nitrogenous substances contained in the soil and 
water, and animals by the nitrogenous substances contained in plants 
and in other animals. Atmospheric electricity is capable of aiding the 
passage of gaseous nitrogen into nitrogenous compounds^ as we shall 
afterwards. see, and the resultant substances are carried to the soil 
by rain, where they serve for the nourishment of plants. Plentiful 
harvests, fine crops of hay, vigorous growth of trees—other conditions 
being equal—are only obtained when the soil contains ready <prep<wed 
nitrogenoua coihpounds, consisting either of those' which occur in air 
and water, or of tho residues of the decomposition of other plants or 
animals (as in manure). The nitrogenous substances contained in 
animals have their origin in those substances which are formed in 
plants. Thus the nitrogen of the atmosphere is tho origin of all the 
nitrogenous substances ocomring in animals and plants, although not 
directly so, but after first combining with the other elements of air. 

Tho nitrogenous compounds which enter into the composition of plants 
and animals arc of primary importance j no vegetable or animal cell—that 
is, the elementary form of organism--exists without containing a nitro- 

» 8e« Note 16 w». 
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/^enouB sobstanw), and mowtover organic life manifegta itroll primarily 
in thOBO nitrogtmous subitenoos. Tho gorma, »»wh 1», and th»6 parts by 
v/hioh cwlls multiply thotustdvw- abtmnd in nitnjgtsnous aubatantjo* j tho 
nm total of the phoiiomrna whifh arn projH'r to organiawa tlopond 
primarily on the ohomical pnipriios o! tho nitmgououa aulwtancoi which, 
enter into their competition. It will Im Huffieicut, fur in«tonr«\ to point 
out the Iftct that Vf^tabli and animal organiHrua, cloarly distinguiilv 

r*,hlo M iuoh, are charaetoritetl by a diflcrtuit drgnw of tsnorgy in their 

nature, and at the samo time by a diffonuu'i* in tlm amount of nitro- 
g«nou8 Bubatanerii they contain. In plantii, which ciunparad, with 
I'.nimak jmwh'hs but little activity, iKung inmpablc of indc|Kindont 
muvimmnt, &«., the amount of nitrogen is very much lew than 
in aniraala, wluw tbwuM arc almtwit exclusively fitrra«i of nitro- 
l^aouB aubatanei*. It li rjmmrkablc that the nitrogenous |mrte of 
pkntB, ehieQy of tit® lower ordoni, «»inctlm«i pn>»n!t Imth form* and 
propertipa which appnmch to th«mt» of animal orgatilstna ; for cxampl®, 
the »oo«j>or« of soawiods, or tht*c jwti by means of which the latter 
toultiply thciMRlv©*, Tltwo wwimre* on Iravlng the »caw*?«l in many 
r«p6ota rsmmble the lower orderttif animal Ufo, having, like tht ktter, 
tht piroptrty of moving. They alto apprmch tin* animal kiniplam In 
th®lr ©offipmlllon, their outer wating eontelning tiitrogunouii matter. 
Dirootly the »wpore bteoraw eovsnid with that non-nitn^enoui or 
cellular oo&fcing which ii prop#r to «dl tho ortUnary wik of plantii, it 
loi®» all resemblanoi to an mdmal orgattiim and twcoww a imall plant. 
It may b« thought from thk that th« of tlm differonen in th® 
vital prooftMM of animal* and plante i« th» diffen^nt aniuunt t»i iut«^;o* 
t\ou« tubstnnoos they eontalm The nitnifwtoui iulwtanrp# which occur 
in plauta and anirnak ap|H»rtain to a Berieji of r»TwscHngly complex 
nnd veiy chnng<»blt» ehemiml eom|xmnds ; their elcwcntapy eam|K»i* 
tion alone ahowa thii ; be^ldw nitrogen, th«y contain rarlxm, hy«lr»gtn, 
oxygon, and sulphur. Iking dwtingukhwi by a very great itwtubility 
undtr many oondltlona in whieli other oom|»oundl» runmin ttnchangt^l, 
th«i aubttonoM art ttttod for th» pupatual ehangca which form thi 
int ©onddMon vitol aotirilty. Th^ Minptox ami {d»ar»g«ahl« nitro- 
^OttS iutetane®* df th® or^km am miW pnmtl mhkmee). %§ 
white el igp li a familiar txaropk of lueh a witaten''*#. They art aliO 
contained to the of animaig, th© euwly «l#»©nt« of mUk, th© 
glutinouB matter of whtaten flour, ot ■o-mOW gluten, which fbrmi thy» 
ohiol component of mawml^ te. 

Nitrogen oocura in tlm «wtth*a autt, in eompounds ©ithifr forming 
thi remainB of plant* and animate, or d«if®d fr«® the nitron of Ih# 
atsmosphero m a eomaquanoo of ite oomMaatteo with On othwr 
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ponent parts of the air. It is not found in other forms in the earth's 
crust ; so that nitrogen must be considered, in contradistinction to 
oxygen, as an element which is purely superficial, and-does not extend 
to the depths of the earth.' 

Ni^ogen ia lihevate^ in a free state in the decomposition of the 
nitrogenoufS organio aubatancea entering into the composition of 
organisms—for instance, on their combustion. AH organio substances 
burn when heated to redness with oxygen (or substances readily yield¬ 
ing it, such as oxide of copper); the oxygen combines with the carbon, 
sulphur, and hydrogen, and the nitrogen is evolved in a free State, 
because at a high temperature it does not form any stable compoundr 
but remains unoombined. Oarbonio aphydride and water are formed 
from the carbon and hydrogen respectively, and therefore to obtain pure 
iiitrogen it is neoessa^ to remove the carbonic anhydride from the 
gaseous products obtained. This may be done very easily by the action 
of alkalis—for instance, caustic soda. The amount of nitrogen in 
organio substances is determined by a method founded on this. 

It is also very easy to obtain nit/rogert from air, because oxygen 
combines with many substances. Either phosphorus or metallic copper 
is usually employed for removing the oxygen from air, but, naturally, 
a number of other substances may also be used. If a small saucer on 
, which a piece of phosphorus is laid be placed on a cork floating on 
water, and the phosphorus be lighted, and the whole covered with a 
glass bell jar, then the air under the jar will be deprived of its oxygen, 
and nitrogen only will remain, owing to which, on cooling, the water 
will rise to a certain extent ip the bell jon The same object (procuring 
nitrogen from air) is attained much more conveniently and perfectly 
by passing air through a red-hot tube containing copper, filings. At a 
red heat, metallic copper oombines with oxygen and gives a black 
powder of copper oxide If the layer of copper be sufficiently long andl 
the current <Jf air slow, all the oxygen will bo absorbed, and nitrogen 
alone will pass from the tube.^ 

* *>•* Tho reason why thoro ore no other nitrogQnone onhetonoee within the earth's 
moes beyond those whioh havo oomo there with tho remains of organisms, and from the 
air with tain-water, must be looked for in two oiroamstonoes. In tho first plnoo, In tlio 
Instability of many nitrogonona oompounds, which ore liable to break np with tho forma* 
tlcm of gaoeons nitrogen; and in the second place in tho fact that tho salts of nitric odd, 
forming the produot of the hotion of air on many nitrogenous and especially organio 
compoonds, are very soluble In water, and on penetrating into tho depths of the earth 
(with water) give up their oxygen. Tho result of tho ohouges of the nitrogenous organio 
gahstonoos which fall into tho earth is without doubt froqnently, if not invariably, the 
formation of gnsoous nitxogon. Thus tho gas evolved from coal always contains mnoh 
nitrogen (together with marsh gaa, carbonlo anhydride, and other gases). 

• Copper (best as turnings, which present a large surfoeo) absorbs oxygen, forming 
OaOf'ftt the ordinary temperature in the presenoe of solutions of aolds. or, better still, in 
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Nitrogen may also be procured from many of it.s compounds tmth 
oxygen^ and hydrogen* but the best fitted for this purpose is a salme 
mixture containing, on the one hand, a compound of nitrogen with 
oxygen, termed nitrous anhydride, N2O3, and on the other hand, 
ammonia, NH3—that is, a compound of nitrogen with hydrogen. By 
heating such a mixture, the oxygen of the nitrous anhydride combines 
with the hydrogen of the ammonia, forming water, and gaseous nitrogen 
is evolved, 2NH3 + N203 = 3H20+ N4. Nitfogen is procured by 
fViig method in the following manner :—A solution of caustic potash is 
saturated with nitrous anhydride, by which means potassium nitrite is 
formed. On the other hand, a solution of hydrochloric acid saturated 
with ammonia is prepared; a saline substance called sal-ammoniac, 
NH4CI, is thus formed in the solution. The two solutions thus pre¬ 
pared are mixed together and heated. Reaction takes place according 
to the equation KNOj + NH4C1 = KC1 -I-2H2O 4- Nq. This reaction 
proceeds in virtue of the fact that potassium nitrite and ammonium 
chloride are salts which, on interchanging their metals, give potassium 
chloride and ammonium nitrite, NH4NO2, which breaks up into water 
and nitrogen. This reaction does not take place without the aid of 
heat, but it proceeds very easily at a moderate temperature. Of the 
resultant substances, the nitrogen only is gaseous. Pure nitrogen may 
be obtained by drying the resultant gas and passing it through a solu¬ 
tion of sulphuric acid (to absorb a certain quantity of ammonia which 
fe evolved in the reaction)."' 


the presence of a solution of anungnia, when it forms a bluish-violet solution of oxide 
of copper in ammonia. Nitrogen is very easily procured by this method. A flask flUed 
with copper turnings is closed with a cork furnished with a funnel .and stopcock. A 
solution of ammonia is poured into the funnel, and caused to drop slowly upon the 
copper If at the same time a current of air be slowly passed through the flask (from a 
gasholder), then all the oxygen will be absorbed from it and tiie nitrogen will pass from 
the flask. It should be washed with water to retain any ammonia that may be caxriod 
off with it 

® The oxygen compounds of nitrogen (for example, NjO, NO, NOj) ajre decomposed 
at a red heat by themselves, and under the action of red-hot copper, iron, sodium, dtc., 
they give up their oxygen to the metals, leaving the nitrogen free. According to Meyer 
and Lai^er (1885), nitrous oxide, 'NjO, decomposes below 900°, although not completely. 

* Oblonne and bromine (in excess), as well as bleaching powder (hypochlorites), take 
op the hydrc^en from ammonia, NHji leaving nitrogen. Nitrogen is beat procured from 
ammonia by the action of a solution of sodium bypobromite on solid sal-ammoniac. 

* Lord Bayleigh in 1894, when determining the weigHt of a volume of cajrefully 
purified mirc^en by weigh^ it in one and the same globe, found that the gas obtained 
feom air, by the action of in^descent copper (or iron or by removing the oxygen by 

oxide) was always jjg heavier than the nitrogen obtained from its compounds, 
m^anoe, from the oxide or suboxide of nitrogen, decomposed by incandescent pul- 
irou or from the ammonia salt of nitrous acid. For the nitrogen procured from 
be obtained, at 0° and 760-4 mm. pressure, a weight » 2-810 grma., while for the 
aikogea obtained from its compounds, a-!599 gnns. This difference of about yfo could 
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Nitrogen is 0 , gaseous substance ■which does not differ much in 
jphysioal properties from air j its density, referred to hydrogen, is 
approximately equal to 14—that la, it is slightly lighter than air, its 
density referred to air being 0-972 j one litre of nitrogen -weighs 1*267 
gram. Nitrogen mixed with oxygen, which is slightly heavier than 
air, forms air. It is a gas which, like oxygen and hydrogen, is 
liquefied with difficulty, and is but little soluble in water and other 
liquids, Its absolute boiling point* is about — 140°"; above this 
temperature it is not liquefiable by pressure, and at lower tempera¬ 
tures it remains a gas at a pressure of 60 atmospheres. Liquid 
nitrogen boils at — 193°, so 'that it may be employed as a source of 
great cold^ At about — 203°, in vaporising under a decrease of pres¬ 
sure, nitrogen aolidifiies into a colourless snow-like mass. Nitrogen 
does not bum,®*’*® does not support combustion, is not absorbed by any 
of the reagents used in gas analysis, at least at the ordinary tempera¬ 
ture—in a word, it presents a whole series of negative chemical 
properties ; this is expressed by saying that this element has no energy 
for combination. Although it is capable of forming compounds both 
with oxygen and hydrogen as well as with carbon, yet these com¬ 
pounds aro only formed under, particular circunastances, to which we 
will directly turn our attention. At a rod heat nitrogen combines 
with boron, titanium, and silicon, barium, magnesium, &c., forming 
very stable nitrogenous compounds,® whose properties are entirely 
different from those-of nitrogen with hydrogen, oxygon and carbon. 
However, the combination of nitrogen with carbon, although it does 
not take place directly between the elements at a red heat, yet proceeds 
with comparative ease by heating a mixture of charcoal with an 
alkaline carbonate, especially potassium carbonate or barium carbonate, 

noli bo expkbed by ihe nitrogen not having been well purified, or by inooouraoy 6t ex¬ 
periment, and was the means for the remarkable dieoovery of the prosenoo of a heavy 
gae in air, whioli will bo mentioned in Noto 10 

® 800 Chapter II, Noto SIO. 

« Boo Noto 11 >*K 

® Tlio conibinaliou of boroi\ with nitrogen io aocompanlod by the evolution of suffi¬ 
cient boat to riuBo the maaa to rodnoBS ; titanium oombine« bo easily with nitrogen that It 
ie difficult to obtain it free from that elomonb; magnosium easily abeorba nitrogen at a 
red heat. It Is a remarkable and instruotlvo fact tliat Iboeo oompounda of nitrogen are 
very stable and non-volatile. Carbon (0 = 1 13) with nitrogen glvos cyanogen, CaNg, which 
Is gaseous and very unstable, and wIiobo molooulo ia not Itugo, whilst boron (B»ll) 
forma a nitrogenous compound whioh is aolid, non-volatile, and very stable. Its oompo- 
slllon, BN, iu similar to that of oyanogon, but ita moleoulor weight, BnN», le 
probably greator, Ita ooniposilion, liko that of NaMgj, NNoj, NgHgg and of many of 
the nietdlio nitrldoa, oorroH):>onda to ammonia with the Substitution of all Its bydrogori 
by a metal. In my opinion, a detailed study of the taransforffifttlona of the nitrides now 
Imown, ihould lead to the dfscoVory of many toots In the history of nitrogen. 
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to rednoM, oiyrbo.ttltHd[M or oywiides of tht motels bdof forrn^ ; for 
tuBtenoe, KaCO| + 40 + N# - 2KCH + 3COJ 

l:?itrogeo k fooad with oxypa in air, \m ihtj do not rtadil|r 
combine, C^vcadiih, howorw, in th@ last o®iitury> showisd th»l 
ni^ro^tn mmMtm mih undkr &h« qf a mrm qf dmtrio 

0 ^rki, Elootrio ipwks In psnilag through n moS«t« mixturo rif idtro- 
pn and oxypn ^ute th»§ tloroente to comblms fonnlng rmidlth* 
brown fumw of oxidw of nitwgitH® which form nltria aoid,*® NltO^j" 
The proience of th© kttor Is ewlly nicopilittsd, not only from ite 
reddening litmus imiHjr, but &ko from Iti noting m a powerful oxldlittr 
©von of morcury. Conditions iiniilar to the*© ooour in aatur», ciurlmg © 

*■ Thli reMtltm, «o tor m fa known, «1«»e8> itwl pnwwsit tn»3r«i4 ti f4»l|» iwsAftbbf 

©wanw CN, itwlf htmki «p Into wlwi wt niw»§m. 

* Frlmy Beeqnewl took diy dt, mA Iba iartmMau oi brown m;^on» df 

C»fa»» of pjiMfe t»f «pwk«. 

• Xi ft mistttf® of ©na i^ura« ©f nito^en ft»4 fouriwn ¥«4am»» «4 l» hum%, 

then Wftte aid a amslflembk of nlWa u» Ii way !»• |«rtSy im 

to this that ft wrWn quMlily of nilrin »W f« pr«tot»«l in lh« «4 nifew., 

g«fKi«s Btt'bitttnm la m ©see** ol alf. TW# i« w>|<««i4ly by lb« «l 

«a dWI with wWeh Ihi nitrle aeM fometJ «n «i>whli». If a emiwui W 

teottgb wfttw eonIttWsf lh« nllwfw *n4 oiffen of tt» »if in Ihw liw 

Bad «tyf« Mil fc«« eembtes witti lh« f«rt«i«i wbss»mi« a«il nltrtu e*HL 

'^m eoppr ll esldteed rt ttw m'^mm trf lt»» »lr «! Ilw ordtisarf l#TO|*r«la.r» l« lb# 
pwtftaw of Momonlft, i* ^b«rt>«4 not otdy!« wtuhiiifttiim wiih il» Mtf*, h«l 
ftfw tor Ihft fdmftltm dt atkto add. 

Tha eomblflftUen of ftltofta widi wtjgtn, ewn. ft» «sAitir*K by ih** aetion t»f »S«slri» 
«p«rk«, f« Ml ftoeorapjai^ ^ an wjjkwlon « r«{44 «**»« iH<* aolkin of a 

fipwk on ft mi«tow of m^$m and hydf«*pn, Thi« i« by il*o f«:l ih*l fmt fa 

not wofved la dis ixwjhlnftltoa of nfte^sa wllh osis»», 6ai i* 

of ©nwfy h mqidmS, Ihwa i» no #»olali<»n of pnmgf. Iti f«t, lh»rii wUl t«4 be ih# 
transmlHiloa of heal from f»rtlol« to particle whipb war* tn lb» »f lieto, 

natinif gBs. EneJi »pMk wtU ftJd Iha lofwmWoa,^ m. QUwUiy «f rt«** «5«»«p««ail 

of osygon Mid nilrr^en, bnl will nol Mdia the ««n» la llw B«i^bk««»irtg In 

other wonls, tlie eomhlnftUoa of hydr**g*a «flh osyfA I# m eiatlwmwf and 

ttiB (BomblnftUon td nltar^tsn with mfgpn m mdtMmm-A rtwii**. 

A oottdjilon j^iitottlftrly toveaiiMe tar lh» cs*ts|*ll»« of k lim fs»|4st»is« ef 

deteHftUiig PM Baft iJr ll th« f«n»« b# I#, metm. If * Bikiairi* »4 iwtt rd 

ditoSftUMf p# wd ASM vdttmi «f ftir b® ib« ow-toaih »»f tli« ^n* i» mmmr^ 

late allrio ftdfl, imd MMi^aeatli' sftei' ttw h«* t*k«fl pbe* thw rwtsata only 

»tai»l«BllM dt ^ folaa# «t iftr «%toftU| tekwa. If n kff« r8f»pf«ib« »l »lr b# t*k»»— 
to* tollWMft, Iwf l^ww dt sir to fcJtw« of d*b««l4atf t»—tt»»n ttw 
tor# el ttft i*]^mI«bi ta towwed, tt» v4««« ef «lr tok*a tt»»sb«»f #4, i»4 »a 

nllide fteld !# Iwmed. Thta fliw a reJ# te b« in waWiih um «d tti® 

BMter-Heftimdy 0^1 to wm^m to feaw el to nat li*** ihi«» m mI v«4itm« 

h! ftir ftheaW h* added te to mbilww. On ih* oibw ha»*4 m Iwf« r»9« masi 

net he token m as wj^mtoa 'rodd tte mmm {##• Ch«t»i*r III. Wot# * 4 |. IVtaWy ta 
Use future taftaai wiU be tomi tw of m » kf«* InsIwnWl 

teele by the ftid of eleelrte dlachwi*, by laaWfli ««. rf to m»m ^ 

allrofm hi lh« fttoMphm. 

*® Xa wftilly nlbrte NO, to trtl tan*^ tad with and wi^if ll glm- 

(brown taoei) altaB eahydilde, m w» eltwwHte tmm, to to pr««B#» §i 
WBkr end exy$m gifM allrte Bold. 
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tHuA'derstom or in otHei^ electrical discharges which take placse in the 
atmospherewhence it may be taken for granted that air and rain-water 
always contain traces of nitric and nitrous acids. “ Besides which 
Crookes (1892) showed that under certain circumstances and when 
electricity of high potential “passes through the air, the com¬ 
bination of nitrogen with oxygen is accompanied by the formation of 
a true flame. This was also observed previously (1880) during the 
passage of electrical discharges through the air. 

Further observations showed that under the influence of electrical 
discharges,*^ silent as well as with sparks, nitrogen is able to enter into 
many reactions with hydrogen and with many hydrocarbons; although 
those reactions cannot be eflTeoted by exposure to a red- heat, Thus, 
for instance, a series of electric sparks passed through a mixture of 
nitrogen and hydrogen causes them to combine and /orm ammonia 
or nitrogen hydride, KH 3 , composed of (jne volume of nitrogen and 
three volumes of hydrogen. This combination is limited to the forma¬ 
tion of 6 per cent, of ammonia, because ammonia is decomposed, 
although not entirely (-^oV) 1^7 electric sparks. This signifies that under 
the influence of an electrical discharge the reaction IST^a =: N -I 3H 
is reversible, consequently it is a dissociation, and in it a state of 
equilibrium is arrived at. The equilibrium may be destroyed by the 
addition of, gaseous hydrochloric acid, HOI, because with ammonia it 
forms a solid saline compound, sal-ammoniao, NH 4 CI, which (being 
formed from a gaseous mixture of 3H, K, and HOI) fixes the ammonia. 
The remaining mass of nitrogen and hydrogen,, under the action of the 

n Tho nitric add contained in the soil, riveif water (Chapter I., Note 9), wells, (fee., 
prooeeds (like oarbonio anhydride) from the oxidation of organic compounds which have 
fallen into water, boU, &o. 

11 bU Orookos employed a current of 10 ampbres and 60 volts, and passed it through 
an Induotion coil with 880 vibrations per seoond, and obtained a dome between the poles 
plaood at a distance of 46 mm. which after tho appearance of the are and dome oould 
bo increased to 200 mm. A platinum wire fused in the flame. 

This property of nitrogen, which under normal conditions is inaotive, leads to the 
idea that under tho influonoo of an olootrio discharge gaseous nitrogen ohanges in its 
proportion; if not pormauontly liko oxygen (olootrolysod oxygon or ozono doos not reaot 
on nitrogen, according to Bortholot), it may bo temporarily at the moment of tho aotiou 
of tho dlBohargo, just as some subetanooB under tho action of heat ore permanently 
odootod (that is, when once ohangod romoln so—-for Inetanoo, wliito phosphorus passes 
into red, &o.), whilst otliors aro only tomporarlly altered (tho diasoolation of So into S^ 
or of sal-ammonlao into anmonia and hydroolflorlo aold). Suoh a inoposition is favoured 
by tlie fact that nitrogen gives two kinds of spootra, with whloh wo shall afterwkrds 
booome twquaintod. It may bo that tho molooulos Nj thon give loss oomplox moleoules,. 
N containing ono atom, or form a oomplox molooulo Nj, like oxygen in passing into 
ozono. I^robably under a silont dtsoluirgo tho molooulos of oxygen, Oj, are partly decom¬ 
posed and tho Individual atoms 0 oomblno with O3, forming ozono, O4. 

1® This roaotion, disoovorod byOhabrIO and investigated by Tbtfnatd, was on3yr(ghtly 
ooderstood when Doville applied the principles of Association to it. 
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ijparki, again forau ammonia, and In thii mannor Mdid 
it obiaimd to ih« and % the aetitm 0 / a smneM qf deetrie tm m 

mixiure qf ffammn N, 11#, and Uerlhelot (1878) «how«J thal 

under the action ol a lilent dterharge many non>nitrc^nou» or^nl© 
tubifcanoia (bauBen^ OgH^, ctllulow in tha form of |mp»r, rttin, 
glttoow, OgHtgO#, and oAart) abtorb nitron and form oompltje 
idtrogTOQui oompcmnditi which ar® etpable, hho aUmminoua «ib« 
itanoM, of evolving* thair nitron m ammcmia whan h»t^ with 
attraliid* 

By 8Uoh indirect mothoda dew th« gaioemi nltn^in of tli© atra&« 
tplioro yiold iti primary eompoonds, in which form it «nten into 
pknto, and is olabomtod In thorn into ocmpl« albumlnoo® sub- 
•tanew,^* But, i^rtlng from a givtn oompoond of nibh^foo with 


n Tb« aeM« d alfei^iw*« MetylttM (BirtMot) n^wibS^ ihto r*aetkm, A mluteM 
fli IheBaiMM anflw Ww ©t a tliwfharfpfiw* hytnw|«ftle wl 4 , C|W* + H# 

^aONH. Tfek m«Uott mawtl bef<»4 a ftwWa limit It it revwrfWfc 

^ Bertlwlot woewftfully ft!#elrWl|’ ol mm l«ehto fitA«»Wi i# Um# wprP 

tm(«, whidbi ImI M him to ttikk that to MA«r», whm aelte oi elM^hrMly kiM 
phma v«y a part dt &« wmptos laaf ftwn 

<h« pMMui athNfw dt Ite atr hr tn 


48 lh« uibiopaaQi tatetoAMt al m^wImem (jtef a wry UaimtMi pr» to tei 
I^Mle 111# «MiMt ftacl«l wtttml Uwh m ih« eintMtiafiw «ttlicwm inMaml 

tato th« »n Mf« ®ap»W« flf Ite (ef &mm to -Ibe pmmm ol Ih* 

oth« HOBJrt«W»| prtttfiiplM hf pl«te), Ite «i| liw timw »rf wittritof 

th® ialtei^l« tote tl» aiteefwwa# «o»p®»«i8 14 fcjU* «*r lute miimiUUtt 

ndropm w^bk ot Wnf abwbdl hy pkute *m4 d l<wRit!« iwwpJws 
wbitancHM to tb«, (a ob« of |iml teftewdwJ wdi pwftWl lay«»k Tb» wrWIteW 
(te^nkd) «»¥#»ion of te« ateiotpHark totregwa tote »swi»tma«, not. 

wlteateadiinf r^ptatea attest «m«ol ytl b« «»^i9«p@4 M tottUrfi to a 
t«m«R@rt,liva mmmt ^thoa^ Ite f« w4A»t. EleetrWty wW 

probably dtl in aoMnf this my Impirtent pm«ll««i |»r»W^ When Uw lli«»«tWl 
dd# ©I tb# MwUm la torttiar admawd, ttww wilteal tobl m »*«» 

wifl b« toand Jer ft« mAattfaelare dt ntto^oa* fr«w ib® nlirsiffsi ©f ft* 

*lr s and tWa ii Wow ail, Iw th« ttfriWlafish te wb« tol«*wi« IwtiUiw* 
term 6a «tp«riv« ll«», wi4 aw »»« taj^arteat Am aB otWr BWttjm 

Oa# tt»ow*a teM of krttywa bm««m ia wA eeataia mmm Aaii fear %om 

At to tm term ci wbate*^ aM tte r 4 altaf»^ 

ti oo»kk#d to I»m d attmenim ifc^phtte, *• «lk#i «f a mm at 

Iwa^iitmiyBWi to m»m^ to A# tatl»a«^ of rilr^ b» wdaWl l» taaU 

d irttftAd tokftftnon fwAlMra Note II 
** w* AlAaiii^ A® ««»«»»% Mi M tor M siwwmte a»4 fwWl 

imSA la A« lAy^bor of haw prwM ttoil A# fwwa pl*ni« «« mi 
tegftbk ©I aireetty ahaopWaf At afte^ «f Ai »tm«pb«f« wrt tmmMm ft tote wwpte* 
nAaminoa# Babatoaow, irtfli It bM b»» !«* aad Art A» awoaal 

ot aitrogaaoHi mbateaoaa to A« wfl to teaN^MNS % Aa- saWmlkm »f pkala of A« 
^ 0®fftmitoo0#) toaany eoA u p«N tmoto, *». 4 «l««r »«| ef A«» ^te baa 
AowaAfttthtotoeoifMPiaatedwtA A« torwmtoa af f#Wlar artakr swidJliv to iWt 
i»|tototw«abytb®|TOwA©f Pm«« wta»Kapito^^,i^ftoj wblA «fe»Wi 
rtA A®ifo®l(i,»adwf« ©apWa dl ftbsofbtoi tow At 6 lr,ii. df rnavming ft 

htto iMiAalkted tottegta. IWa bmwh of lAlA aaeAw ^ 
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hydrogen or oxygen, we may, without the aid of organisms, obtaiA, as 
will afterwards be partially indicated, most diverse and complej^ 
nitrogenous substances, which cannot by any means be formed directly 
from gaseous nitrogen. In this we see an example not only of the 
difference between an element in the free state and an intrinsic element^ 
but also of those circuitous or indirect methodd by which substances 
are formed in nature.- The discovery, prognostication, and, in general, 
the study of such indirect methods of the preparation and formation of 
substances forms one of the existing problems of chemistry. From the 
fact that A does not act at all on B, it must not be concluded that a 
compound AB is not to be formed. The substances A and B contain 
atoms which occur in AB, but their state or the nature of their motion 
may not be at all that which is required for the formation of AB, 
and in this substance the chemical state of the elements may be as 
different as the state of the atoms of oxygen in ozone and in water. 
T^hus free nitrogen is inactive; but in its compounds it very easily 
enters into changes and is distinguished by great activity. An acquaint¬ 
ance with the compounds of nitrogen confirms this. But, before 
entering on this subject, lot us consider air as 'a^ mass containing free 
nitrogen. 

Judging from what has been already stated,-it will be evident that 
atmospheric air contains a mixture of several gases and vapours. 
Some of them are met with in it in nearly constant proportions, wliilst 
others, on the contrary, ai’e very variable in their amount. The chief 

q! iho important part played by mioro-organisms in nature, cannot bo disonssod in 
ibis work, bat it Bhoold bo montionod, since it is of great theoretical and practical' 
interost, and, moreover, phenomena of this kind, which have recently been discovered, 
promise to explain, to some extent at least, certain- of tlm complex problems oonoeming 
' th^ development of life on the earth. 

Under tho name of atmosphorlo air the ohemist and physloist onderstond ordinary 
. air containing nitrogen and oxygen only,-notwithBtapding that tho other component porta 
of air havo a very important-influence on tho living matter of the earth’s surface. Tliat 
air is BO roprosontod in soiehco is based on tho fact that only the two oompononts above- 
named ore met with In air in a ooustant quantity, whilst tlio others are variable. Tho 
solid impurities may bo separated from air required for chomiool or physical rosoaroh 
by simple nitration through a long layer of cotton-wool placed in a tube. Organic im- 
puritios nro roinovod by passing tho air through a solution of potassium pormangauato. 
Tho carbonlo anhydride oontainod in air is absorbed by alkalis—best of all, sodn-limo, 
which in a dry state in poroUB lumps absorbs it with oxccoding rapidity and oomploto- 
,ne8S. Aqueous vapour is removed by passing the air over caloium chlorido, strong sul- 
'^hurio acid, or phosphorio anhydride. Air thus purlflod is acooptod as containing only- 
nitrogen and oxygen, although in reality it still contains ft curtain quantity of hydrogen 
, and hydrocarbons, from which it may ho purified by passing over copper oxide heated to 
redness. Tho copper oxide then oxidises tlio hydrogen and hydrocarbons—it burns them, 
forming water and otu-benio anhydride, which may bo removed as above described. Vyhen 
it is etvid that in Uie determination of the density of gases the weight of air is token a» 
) unity, it is understood to be snoh air, containing only nitrogen and oxygen. 
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eomponenl of dr, p\»mA to A© ardor irf ^idr fl«ooat^ 

MO tho foHowittg; oxypm, mjow* va]^ur» o&rbotti® 

ftahydrido, nitrio mW, rfis erf wnmoala, oxkl«« erf nitKtgt^ and lO^* 
c*on«, hydrogon p«roxM«, winplix nltewgimowi iulwtonow.- 

Batidei aJr pownJly «»talni w»ter, m ipm|» d»pn, a.iid mow, 
m<A of of e«i»la «4^fi la emUin 

bttt In majorifey d ffo«dttaf-lr«t» %ii© mtohanieiij imniktJOT 
of idM fUkrtiol^ Irom on© te^ity to nnolbtr by ll» wltid. Tttifto sroaU 
©olid Mid liquid |mrtiol« (hating a lMf« •«!*« in pw|>f»ftl**n to thdr 
weight) or® «usi>end«l to idr w »1 W lotitor I* ttMj^dwi Iti turtod water | 
tikey ofton wtilo on Uio «urf«i«i trf t}j« «wfch, hul llwi air Is ri«vt»r ©nliwly 
ffoc from them bmuss tii®y «m ««v«r to a tmte «rf eom|4eto n«|, 
Ihim, idr not unirequtttlly lii«i4«atol !«« of vmrlooi iub- 

©tenow M otoryoBO kaowt by ixporitm*. TI«o iiwl4«nt».| 
iomiftimMi bdong to onlw of tht»i wbleh i«t loi|ori‘»tt»l|’i Ihcgenwi 
cf lower to*bKW of th« ehm erf ©jirirfwt 

d iaftwtioui dl««^ 

In tb© ah* of ttio tiitowi ©«otei« erf the «Mtb, al diffi>r#nt 
tod«i Mid at ©Jtitota abot® ito iorfw^ m o^o or m lh» 

dry toad—4ft a wwd, la tbi idr erf wotl dltewi of tho mrtb— 

liift osypa «ad sdtecfw •» l»yi #v«rywbtrft to t»te «. w^tunt mHo. 
Kdi i mortotir, idf-iwid«at ftrwo ^ that lh« i4f cowitaifiUy 
dlflbs* (toterttlw by tirla® ^ tbi int«mftj moth» rf tho pawM 
partid©©) ftttd to «dio pt Into rootia® luad totermlxdl by ili« winii, by 
whlobproQtMM it to ^naltoid to ite wmpc»lth» mw tbo ofttir<i lurtow 
erf tb« mrtb. la tboi® IwJtWw where ti» »ir to iubj^et to ehaap, 
ftftd to to ft more w l(» Wtol^td f^^kO©, «r, al tiiy mH io an ao^ftUkl^ 
©pace, it may &ltor very ooRsIdtwddy In Ite eompe^tion. For thto 
r«MMi tiho ftir to dw«Utop, <»lto«, «id wiUi, to whl^h th«r© Am 
©ftbttftftOii ftbiorWag Meypn, eoatolw of ihit p«, wbitot tin air m 


»««!© »i«J»teib«*«wrt«il4tdto«(Wff «4«ta »! % tarf Ito^. 

Mi Rwf, eleBwJte ©f *lr mm mm t## 

CMlpi 1(hr ‘wiwB^ d ft hmff p« atari I©,« - li, lnwWw ttfet niira. 

^p^©MAw«lttw«e•ato tto fwwrte msis Ba^Wfls ea ib« imvdiyti 

^ pmmi «»# ifcta ga* few hmm s.lwftp 
tsp»« ft «Ry»M wim R^ita ^ fejftetf#© I© 

ftsM) fe* to Ita dt ii»a «»«• 

poftTMen d ftb, tad tfewtoi taw «b^ mm Bitft««*. U^hmm 

poiftlble to MpftTftto !fe ftw» aten iIhm »ftpfcti«m ritaitoi »l » twl tai, 

wWk tti® gM wmfttei ini wm ted to haw #, iwrttr md ft 

Wf Um« greater toftwtoftt of aiteapft (toll Mi ft tihmtt 

cflwwwaiatoeftpftrtromel Owiat to toe4 ft l« m teirt 
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tte surface of. Standing water, which abounds in the lower orders of 
plant life evolving oxygen, contains an excess of this gas.*^ The 
constant composition of air over the whole surface of the earth has 
been proved by a number of most careful researches.*® 

The analysis of air Is effected by converting the oxygen into a non- 
gaseous compound, so as to separate it from the air. The original 

As a fuitlior proof of the fsot that certain oiroumstancea may change the oom. 
position of air, ibwlli ho enough to point out that tho air contained in the cavities o^ 
glaciers contains only up -to 10 p.o. of oxygen. Tliis depends on tho fact that at low 
tomporaturos oxygon is much more soluble in snow-water and snow than.nitrogen. Wlren 
shalcon up with water tho composition of air should ohango, because the water dissolves 
unequal quantltios of oxygon and nitrogen. Wo have already seen (Chapter I.) that 
tho air boiled off from water saturated at about 0° contains about, thirty-fivo volumes 
of oxyggn and sixty-iive volumes of nitrogen, and wo have oonsiderod the reason of 
this. 

*8 The analysis of air by weight oonduotod by Duiaas and Bousslngault in Paris, 
which they repeated mtoy tlmoa between April. 27' and September 22,1841, under various 
conditions of woathor, showed that the amount by weight of oxygon only values hotwoen 
22-89 p.c. and 28'08 ii.o., tho average amount being 28-07 p.o. Pruunor, at Bern in 
Switzerland, and Bravais, at-Faulhorn in tho Bomoso Alps, at a height of two kilomotres 
above tlio level of tho sea, Mariguao at Oonova, Lowy at Copenhagen, and Stas at 
Brussels, have analysed tlio air by the same methods, and found that ita composition 
does not exceed tho limits dotormhiod for Paris. Tho moat recent dotorminations (with 
an accuracy of iO-05 p.o.) confirm tho oonolusion that tho composition of the atmosphoi-o 
is constant. 

As there are some grounds (whioh will bd mentioned shortly) for considering that tho 
composition of'the air at great altitudes'ia slightly difCei-ont from that at attainable 
heights—namely, that it is riohor in tho lighter nitrogen—savoral fragmentary obsorvntions 
made at Munich (Jolly, 1880) gave reason for thinking that in tho upward ourronts (that ia 
in tho rogion of minimum baromotrio pressure or at tho oontros of motoovologioal oyolonos) 
tho air is riohor in oxygon than in tho do^oending ourronts of air (in tho regions of anti- 
oyolonosor of baromotrio maxima) J but more carefully oonduotod obsorvations showed 
tUs supposition to be Inoorreol. Improvod mothods for the analysis of air have shown 
that certain slight variations in its oomposltion do aotUally.ooour, but in tlio first place 
they depend on Inoidontol loool Infloenbes (on the passage of the air over mountains 
and largo surftioes of water, regions of forest and herbogb, and tho like), and in the 
second lilaoe are limited to quantities whioh ore eoaroely distinguishable from possible 
errors in tho analyses. The toseorohes made by Broislor in Germany (183C) are par- 
tioulttrly oonvinotng. 

Tho considerations which load to tho Bnpposition that the atmospliero at groat alti- 
tudos oontaiiiB loss oxygon than at tho.Burfaoo of tlio earth are based on tho law of par¬ 
tial pressures (Chapter I.) According to thia law, the equilibrium of the oxygon in 
tho strata of tho atmosphoro Is not dopondent on tho equilibrium of tlio nitrogen, and 
tho variation In tho densities of both gasos with tlio height Isidotorminodby tho iirossuro 
of oftoh gas sopoi-atoly. Details of tlio oolonlatlons and considoratious horo involved 
ere oontoJnod in my work On BotwmMo LevslUnga, 1870, p. 48. 

On tho basis of tho law of partial pressure and of hypaoraotrloal fonnulm, expressing 
tho lews of tho variation of prossuros at difieront altitudes, tlio oonolusion maybe dednood 
that at tho upper strata of tho atmosphere tho proportion of tho nitrogen with rospeot 
to tho oxygon inoroasos, but tho inoroaso will not oxooOd a fraotion per oont., oran at 
altitudes of four and a half to six miles, tho groalost height within fclio roach of man 
either by climbing mountains or by moons of. balloons. This conclusion ite confirmed by 
tho anolysos of abr coUooted by Welch in England daring bis ohronautio ascents. 
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wl«ra« of tJha flJr ii flrti mi th§a tbn vo!atii« of ih« r&* 

malaing rntn'^po* Tbi quantity of oxygen ia calcttlatel cither from 
the diSbmnse Imtwetn vol«m« or l»y the weight cil the mfgm 
oompound formed. Ail tib« vokwetrie i»eiy»ur«*m®«t« have to b# 
aorrMtod for teapwutnro, asid tnobtur© (t’lmptor# I. and H.) 

midlam «mploy^ tw eoattrtliig liie oxypn into m ««« ^»mm 
ihottkl enaWa it to ho token tt|i from the iiltroicfsn to tho 
¥«y tnd withottt «voltlng any p» 0 M wtotonoe. Bo, for itntonc^s* 
a ffllxtoro of pyrt^aUol, OilI^Oj, with a toialloa ©f a eantife alkali 
ftl»orl« oxygon with great mm «t tho orflitury tiiwp#raluf« (toi 
iolution turns hlark), but it k uniwit«i tor an»ly»ii || 

rtquire* an w|uea«s itiutlon of an alkali, i»4 It altor# the rom|s>»ltloa 
of th@ air by aettog on il m a wlviml.*** ltow«¥tr, for ftf»pn«iimto 
d®termlM.tloiw thi« limpli m#thdi gtow which aro entirisly 

g§ll§tofftoyyi 

dktorffiinatlctti l» a ittdiowttar {Cl^aplw III.) wore «ftel 
imalto if all toifl a©t^»irf wwolloni fw ehfti»|i« rrf tiiiiijprt* 

tor®, aad mobtops %»km Into fhls d«t«rmitiatl«i it 

wntiid ^wa^iilf M Wtows 5~A etitoin wiitwmt irf air i« iotr©. 
dwtd into to® tidilwitap, wad ito k Almufe m 

©qwd vokm® of di^ bydr^^ ii to«« i»»dl ioto the etulltuttotop, and 
^ i^tt dttomiadh wklwm !• to#tt In thi 

way dMoHbtd for to® dttemltttMoa of tot o»pi»ltkKs of water. Tht 
rtmaldjttf vokm* d to# natotow k i^dn wm%nm\ i it will bt 

Im than to» iwnd of to® prerteatly folwie#. t>otof tor*# 

volttffiM which hft¥i dlmpimr^ on® bdonfdl to tot o*jf«n and two 
to to® hyclnjgttn, woiiqwiBitJy orw-thlrd d to« d volnitsa 
toe amount of oxygen contain^ in to« air.*‘ 

TOi® moft oomplito mtthnd tor tot analyili of dt, and m» whieh fe 


|h«*iai Wte a ieftall* wJa«s et tthp| a*»wr(»» rtf M» M m»§9im4 hf Hi* t*»l »*f 
tto ti faii. »mimii «f tttffws wiy to 

by MMWfai toi vdMM 

i« to« 

U tto MnAAo^a «i mm dt ito t^e^m mm m^m to «to »w«!^ rtf fan?** 
di^l^ ^ wlMiMriHf ttM «mmiA to wlltoaS 

brtWni of lyte 

*• l^mpW«#a tteAstoa ^ ^^*1, a b4«iw« to 

Bttftobk tm tto mmM ^ ft »toi«« «r t*^ tw» wb» 

ttwwtolwMabiwtoatoJfflMJhtoi^i tort b^ »<i^ 

mnm, this mtokuM wtotB atiitoto aliw ttourtt^f 

to tot ter to wtoftBimalyiW to A«dybrt 

tortiylto^ Ufthdi MtaitoMd ta liyii wwIe> wt •rtr te Ag Hiwii 
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<iBccompaittied"by the least amdunt of error, consists in the direct weigh¬ 
ing, as far as is possible, of the oxygen, nitrogen, water, and carbonio 
anhydride contained' in it. For this pxirpose the air is first passed 
through an apparatus for retaining the moisture and carbonio anhy¬ 
dride (which will be considered presently), and is then led through 
a tube which contains shavings of metallic copper and has been pre¬ 
viously weighed. A long layer of such copper heated to redness absorbs 
all the oxygen from tho air, and loaves pure nitrogen, whoso weight must 
be determined. This is done by collecting it in a weighed and ex- 



Vto. 38.—Dumaa nnd BouastneauU'a apporatua for tho analysla of air by weight Tha glob« B oon- 
talna IQ-IS lUrea, Xba air ia finiti pumped out of It, and It la wolghed ompty. Tho tubo T oou. 
nootad,wlth It la Bllod with ooppor, and la wdghod empty of air. It la h«kt«d la a oharaoal fomaoo. 
Whan tho ooppor haa beoomo rod-hot, tho atopcoojc r (noar B) la slightly opoaod, and tho ^ 

n ttucouga tho voaaola B, oontatnlug a aoluUon of tootaah, i\ oontainlng aolutiona and plem 
atlo potash, whloh romovo tho oarboixlo anhydrtao from tho air, and than through o at^ (, 
oontainlng wUphurlo oold (whloh haa boon provlou^ boUod to osrpol diasolvad air) and tmmloo- 
stono, whloh r«nov«a tho moistaro from tho air. Tho puro air then glvea up its oxygon to tho 
ooppor In T. Whoa tho air paseoa Into X the stopoook B of tho globe Bla opoaod, and It boooum 
AIM with ullrooou. When Uio air ooawa to Aow In, tho atopoooka are oloaod, and tlie gloho B 
and tube T wolghed. Tho nitrogen la then pumped out of the tubo and It la weighed again. 
Tlio Ineroaao In weight of Uio tubo ahowa tho amount of oxygen, and the dlfforonoo oftho aooond 
and tldrd wolgblngo of tho lube, with the luoroaao In weight of tUo globe, glvm tbo weight of 
tho nllTOgen. 


baustod globe, while the amount by weight of oxygen ia shown by tho 
Jneroaso in woiglit of iho tubo witli the copper after tlie experiraont. 
Air free from moisture and carbonio anhydrido contains 20'95 to 


Air free from oorhonio aoltydrido inclioatoa aftur oxphmion Uie preMnOA of a Mdidl 
quantity of carbonio arUhydridoi as Do Sauaauro roniarkod, and air trm ttWk tnoMwed, 
alter boing pasaoil over rod-hot copper oxiilo, apimara invariably to eoatain a maU 
Quantity of waUir, us Boutieinguult liau bbaervod. Then obMrvaUonn load to tho 
assumption that air always contains a oertain quanUty of gawoiu hydrooarbonn, like 
toor^ gas, wliloh, as wo shall afterwards loam, is evedved from the earth, tpiurslMM^^a. 
Sts amount, however, does not exceed a few hundredths per cent. 












20‘88 jmrta l»y volume o! oxygtm th«‘ mran amount f>! oxygen will 
tlieroforc Iw* 2U'92 ± 0 03 |H'r rtuii. Taking tU*' tUnmity «>f air » 1 &nd 
of oxygen = 1T05 and nttrogm 0 07'i the ru»n|H»itiMsi »»! airhy weight 
will ho 23*12 {wr wnt, of <»KjK‘'n ««sd 7f» j*«n- e»<ns of nitrogen.®* 

The }K)f»ihiUty of the e«mi|K»sitiMn of air Iwing altrrrj! hy the rner® 
ftotiow of ft solvent very ohmrly that the of wr 

lire In a stut® of mixtuw), in wlneU any ga-w'-n. iu»y oe.-ur i they do not 
In thla CMts form ft ch4rtit« eowpoumi, ahh.mnh the r..ni|HratiMn of the 
Hfcnioiphpr© does iip{W'ftif cowtant under onhimry romht jinin. Tho fiwt 



urw. 8#.-AWW«t»« tm itm 

tMt«, kmtm »» 

tafc f« »l«« m, m »« 

»bwreH» tttjrtV aM i*«wt frew m t**» 
ft f,«, iwrt t wmwiwffit. Mrt ewKfw 

HvrottRb/ 


tip Ttm «** s»««fs 

«l ». »»!■ I s-'is- » O >» a nsf 

|t9wr-*r? t ■■T>. 

“Tlti* h S&#@^its^s"4 In ^ W 


tdiftt iti CfimpMiltion varim und«r ditihrpnl rjunlitimn e*M»llrnnt the 
truth of tint eonclusHui, and iherefnro the rtuoil^ttry of the cofnpwitUm 
of ftir must not ho coroiiderwl m In any way dej»»'«idrnt «*» the nfttuw 
of tho gwif'S entering Into ita n»m|M*f»ition< Imi only m priij-efidistg fttim 
coimio jthfnomenft C 0 '»|wr«iing t*»wari(U thw ri»i»at 4 tsey. It must l« 
«idmitt«l, therefore, that the pnieiwwi evolving fmygett, »nd rhielly lh« 
prooittoi of the n**| 4 rfttiart of pkni’\ «»f foreo with tl»»M 

prooowii which alwirb oxyg«r» over the Biillr«» surfftee »»f the earth.*'* 

W Tli« ftt dr »rs w«ainj>*«4**t l«| mmn. m4 ikwtv »»# »*s»«5»*>k« of r»m» 

MtiUtw fctWttifti hatt 4 »yiA« c#«t i Itw wi^w#l •4 »<f f« iker#- 

lw« eriy effltrsisl to ft»t iiwlitid; 

®* %e»i «pr»s» th« ««•*» pr»wji..»!»l«« »f «l# frtiBi •?* of Ikt 

MewMite a«tewlB* 4 lo «8 { ti»y Mt wuhiM tH t» r 

w Ift Ohaptaf III., Nots i, m *%ti 5 wl 4 ti«'« j® mml» f.»f ilw 

©I ttii baStnm d esqfpn In tht wttw rtw*»|4«8f»; n mmf Im i\m% itw 

©omroiJtbn ©t sir will twy hwa tl»» to ttm»i ik» r4«ii«i» l^piwmea wd t{» 

oxygen dtsorWrig tal m d»« %4 tt» «iii «.n hw«lly 

httve a «l«ftnito limit wd w* tiAfi dn»4y wim CC*t»»|*i»f tV, aa| iti*! tlwr# mb 
© twrvaUen# eonflimslni thl*, it Wtewt ll»l «sr ftl»rM|»|ww *t*ottl4 v«i*f to ito «•»«* 
pfti with tli» eBttiTB »p«, s«i 4 itwr#!*## n i»ft#i !»• th«t 

My viittftUon In ih« MnipMUton by w»ifhl si th« dr mm «diy tote »ttc««4iniiy 
dowiy, wA to ft mft»n«r im{ww|^t!M ty 
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Air al\iray8 contains raore or less nmoisture and ccirfto^wc anhydride 
produced by the respiration of animals and the combustion of carbon 
and carboniferous compounds. The latter shows the properties of an 
acid anhydride. In order to determine the amount of oarbonio anhy¬ 
dride in air, substances are employed which absorb it—namely, alkalis 
either in solution or solid. A solution of caustic potash, KTIO, is 


poured into light glass vessels, through 
which the air is passed, and the amount of 
oarbonio anhydride is determined by the 
inoreoso in weight oi the vessel. But it 
is boat to tako a solid porous, alkaline 
mass such as soda-lime.” With a slow 
current of air a layer of soda-lime 20 ora. 
in length is suflfloient to completely deprive 
1 cubic metre of air of the oarbonio anhy¬ 
dride it contains. A Series of tubes con¬ 
taining calcium chloride for absorbing the 
moisture is placed before the apparatus 
for the absorption of the carbonic anhy¬ 
dride, and a measured mass of air is 



Pjo, 4J.—Tube for the ftbeortrWon of 
oarbotUo oold. A plug of oottoo 
wool Ib places In tlie bulb to pro* 
YBot the Mwl^ of belnf 

carried off by the ga*. The tube 
oontalna aoda.llt»e and oblorideof 
oaloluin. 


passed through the whole apparatus by means of an aspirator. In 
this manner the determination of tho moisture is combined with the 


^ Tlid amount o( moisture oonialned In t)>e air is ooneidorod in greaUr dotoU 
in the study of physios and meteorology and the subject has been mtntiontd above, 
in Chapter I., Note 1, whore tlie metliodo of absorbing moisture from goMs were pointed 

out. 

rf Soda-lime is prepared in the following manner!—UntlAked lime Is finely powdered 
and mJxed with a shiftily warmed and ttaey strong soluMon of eausMo soda. The mhtteg 
shotdd be done in on iron and the matmdide ihotdd be well ettmd together uaUI 
lime begins to slake. When the moss becomes hot, it boilii, swells up, and eolididM, form¬ 
ing a porous mass very rich In alkaU and capable of rapidly absorbing oarbonio anhydride. 
A lump of oaustio soda or potash presents a much smaller surface for absorption and there- 
fore acts much loss rapidly. It is noooBsary to plooo an apparatus for absorbing vsater after 
tbo apparatus for absorbing tlie oarbonio anhydride, Ireoause the olkftll in abourhijtg tho 
latter gives off water. 

*8 It Is evident that tho oalolnm ohloride omplnyed for ahsurbitig the water »htu»ld \m 
free from lime or other alkalis in order that it may not retain oarlmulo anhydride. Hueh 
oaloiiim ohloride may bo prepared In the following manner: A {wfortly neutral solult'cm 
of ooleium chloride is prepared from lime and hyrlrwhlorin arid; io then carefully 
evaporated drtb on a water-bath and them on a sand-bath, \V)u<ti the sidutiim attains a 
certain strength a scum i« formed, which anlidiiloB at the awriaoo. Thia ieum t# 
oolleotod, and will be found to be free from oanslio alkalis. -It !a mcemutf in wy oMe 
to test it before use, aa otherwise a largo error nmy he introdneei into the wealte, owii^ 
to tlie prosenoe of free alkali (lime). It is b<««t to pose eorbonla oahydrlde ttirou^ the 
tube oontoining tlie ealeinm oblorido for some time befwt the wprtmmt, In order to 
Uatorate any free alkali tliat may remain from the dewmpoeitlon of a porUm of the 
oalolniKi ebl^de by .water, OaCla -t SllgO <» CaOHjO •¥ tHOh 



PRfKCIPLEa OF OHIifaTHY 


M 8 

ftbiorption of the mrhooio wihydrifl©. Th» wnutiKutimni Aown In 
fig. 3H ii iuoh ft o«ahin*t|on. 

The amoant c:^ wlionio wAftiride** in im* air ia 
mow Kirwtftnt ti»n tlto aiftimnt of wowtum Tho amount 

in lot) volume of dry dr i« ftp|»r««imftMy 0i)3 li, 

10,000 volume# of air mntftift a.l«»ut tlinn* v«luttit*a of tmrlKmlo nnhy- 
dritU, mc»t fwjuonily alnml 'i’93 w»lum«. A« lUo gravity of 

oftrbodc anhydrido referwi i« dr » l-fi'J, it fdiowt tSmt I TO |«rtj by 
weight of dr contain 004ft part by weight of rarbtnio ftrshydride, 
XhiH (juAntity vnriM aivonllng t« tho time of y^ar inmm in wintiir), 
tlio nititudo nlwvo l)io lovrl of ih« »i» {lt«« »i lugh dtitudw), iht 
proxitnity to fon»t« and fl<4ila (lew) or rilliw (ffr-pator), Ac. But the 
variat-itiu ii arodl and mrriy oxctHHk the limiw of ’i| in 4 l«»n-tln»Uii*mltht 
by volume.A« tlmw am matiy tmlural Uh«. 1 indtipstcwt which either 
hrormie Ae amooiil of ourltoniu Anhydritfo in tho air Cr*»s|nimtinn, ootU' 
hustion, doeampmltlon, voUmnio omptinna, Av.% or dimini*|j it {dwup* 
don by plan to *.nd water), tho rv«*tn of the grwAt rotwtatu'y In th» 
ftmountof tltiigttftln the dr must tm IwArd for, In th« lirjit pkeo, in the 
fact that the wind mk* tho dr «f variou*! h*ofthtirs t«»g»’thpr, m%A, in 

^eend pk», la the tmi that the wntors nf the m'mm, liuUling w- 
hoftio add ia idutloft,** fono »n imwon*® i»©rvoir fi»f rogukting the 
amount ol gw In the Immwlhtely the |«rtWI 

• R«owf*«i ii hft4 te wH«» tlw ••uly «4 li» 

«ertK»n{o auhfdrfd# *4 tiw air. F(»r H »• ty *** »tow Bot 

dontttM ewtxwte# tb|' a *t4»lk«ii »{tswyto m fc4« rninml wnii* t«ryi«l, «*4 tt»#a 

toeewtkinleftfthyUrttk teestiwlWbj wi wist.^wtl <fa .t®s*rt»iiw»l by iJto 

Y 4 am« giYPB tiff. A rtt| 4 «l i 4 i(«r hygivtiu-, t# gwwi 

by Uw (oJl <if len*k«u by lb« t«ln4ae4|«it «l m «tW* jitw »<.t hAtist^ b^ 

eithw bi »>r wllb ibr. lt*>ln 4 l*<jf«Ay‘® h 

UmwI tt^Hin UiW prittfiliUw. Th« t<» f4 A*»bi»lrtt|#|»w*wtt 

in Wfttt air Has to mmy wpI «*•>! f»«>4rrti«>».»*|w»’4«ll|' lbt»*« 

o4 B4»t, a«hJM»ln|, Mimti, muI Ai»Un, wW ll»i «»» »5 #n»»ss» »t 

to #a4i v«mW«w Ml at i»i w«»cw»tw4 m tb* b«4« i4 siwl liwaftatoUy 

* It k ft ffliwwil «•§ iii»wl«N»4 In nwlkrt, w»IU. *•¥-»». «mJ wm^ 

whwi Ow m»«wd «4 ate k iwpirfW. lfaA*r Hm** }mgm timwiiite* dl 

wMttoate ftahydriiA i«w««kte. Ia «!««, »bw» tSwra ar® »wtf fm 

te Vfdtttto el wrkmie adbyArlift Iwwpinilwi, r.mhmlkm), tt« 

ftmowt to p8*t«r ttwn ta fiw# wr, ywl igtm iu *1} we^ilwr ilm Aifcww# 4««« f«A 
0ltm««eftftAwteB.fc©«MyB4A(rt»lljk,rw4f 4 iu»^i «l 8« in i«W 

veto, of ftto), 

t' In tb# itfti w w41 ft* ta WiA»f, «»rb«s*»l«j **14 i^aw t« lw<* UirwAly 

aii@olv«l la ttte ftM eemWadi wtto tiow m r*l»i8» {|»n$ w®iMt 

ftomHtimw oftntaln vwy mm^ «^te*to *«W ia iW* f.irwf IV tawiiw «f tV wAwte 
ftahjfdridft in the ftwt farm wte« wi* «*4 m mtmmi ».tb Ib^ j^tol 

ftad that in the furffl ef ft«M miM to mdm fcV ««« «wiAii*att«, (m AimA 
asqpEtwato b&f® «hew» a ttaUw ^mOmm h ttto »**, IV nwmtitoyw 

jMtoUtos are dlttmnl la tli».two mm*. 
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pressure of the oarbonio anhydride in the air decreases, the water 
evolves it, and when the partial pressure increases, it absorbs it, and 
thus nature supplies the conditions for a natural state of moving 
equilibrium in this as in so many other instances.®® 

Besides nitrogen, oxygen, moisture, and carbonic acid, all the other 
substances occurring in air are found in infinitesimally small quantities 
by weight, and therefore tho weight of a mbic measure of air dt'iHuida, 
to a sensible degree, on tho above-named components alone. Wo have 
already mentioned that at 0® and 760 mm. pressure the weight of a 
cubic litre of air is 1-293 gram. This weight varies with the aooelera- 
tien of gravity, g, so that if ^ be expressed in metres the weight of a 
litre of air, e t=s ^ x 0*131844 gram.' For 8t. Petersburg g is about 
9’8188, and therefore e is about 1*2946,®® the air being understood to be 
dry and free from oarbonio anhydride. Taking the amount of the 
latter os 0*03 per 100 volumes, we obtain a greater weight j for example, 
for 8t. Petersburg ena 1*2948 instead of 1*2946 gram. The weight 
of one litre of moist air in which the tension*'* of the aqueous 
vapour (partial pressure) ta/mm., at a pressur© (total) of air of H 

9* In Btudying the phenomena, of natnro the oonolaBion is arrived at that thO' 
tmivenaHy state of mobile equilibrium forms tihe oltief reaeon for that hamutulima 

order whioh impresBoe aU observers. It not unfrequoatly ImpixmB that w« ilo ruit tli# 
oaueea regulating tlie order and harmony; in the partiuular instanon of earlKinio 
anhydride, it is a striking eiroumatanoe that in the first instanM a eearoh was wade 
(or oil harmonious and sMot miformity, aud in inddwital (inaufiloimitly aoeurato and 
fragmentary) observations oonditions were even found for oonoluding it to he abwnt. 
■When, later, the rule of this uniformity was eoaflrmed, then tlw ««#« r^laUiif 
0 ueh order were also disoovered. The roMiirahes of EeUeeting were of this eharaotor. 
DeviUe's idea of ^ diesooiatioa of the adid oarbonatee o( Miik>w»^ k sogfMMl in 
ituHW InnuuicyothwoaeMidso, aooR^otklwfMlattonMmohlyMlowhremadete^ 
(avestigatioui 

99 S^ediftemeeof thawdigditof alitreotdi^alr (hoMhom wrhonto aahydiidel at 
0^ and 700 mm., at dUierent longitadM and altitudes, depmdii oa ^ foot that (ha fam 
oi gravity varies under these eondltions, and wi^ it tto pressure of the harometricAl 
ooluum (dso varies, nds is treated in detail in my works On t/M SlmiieUg of 0mm 
and On Baromeiria Levdlings, and 'Tlie Puldioationa of the Wrifhto and Mnaeuraa 
Department' {Journal of tho Buonan X^gsim-Ohomusal Soedoty, 1W84). 

In reality the weight is not meaanretl in absolute units of weight (m iii«»««urv~*rf«fii»r 
to works on nieehanios and physios), hut in relative unit# (grams, seal© wmghlsl 
mass is invariable, and th«r«for» the variation of Uw weight of tlw weights it»<df wait 
the dhaage of pavity must not he here taken into aewmnt, fw w© ar** here iWlm^ with 
weights proportioned to masses, sinoa with a ohaago of litrsluy tlm weight of iW 
weights v^M as the weight of a g^ven volume of air dboii. In word#: the «»*«« ef 
a substanee always retains eonsteat, but tho pmwuro prwdtu>#il by It varis* wUh Ih# 
acceleration of gravity: the gram, pound, «w»d other unit* of waighl sum tmM^ mfta ef 
mass. 

9* Tho toasloo of tire aqueous vajHiur In the air is hf hyp«»#l«« 

and othw similar motlioda It may also U dntoimfaMi hf (m* Ch»pt«f 

Koto !)• 
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mllliiffiiims, &% a i, will l»» If at ant! IflO mm, th® 

V,ri„hl <.f ivy »ir - .) «iu.l i.., ^ j *< ”7,";"'''^ !'«rli>. 

itanco, if H i» 730 win., f psi imil / !<* mm, («h»* ifi»isfuri» i« tli@n 

ilightly l»eU»w fiU Ui«f winght »»f a lilri* ttf air at Ht. rotewburg, 

m liS27 

The pr«iimee of Awiaonl** a «jni|«H»ul «if inCrt'^i^nn iwtl hyilrt^W, 
in tUe iiir, k indieaiidi Isy llw fuel tbat sH «*isl« t.t thn air nb' 

wrlj Rtmmmk from it a Umt*. t>«t Hausaur*' »«}»»rv«i that 
nUuninuun unljihait* f« eHiuv^rit'*! by air inta a ilnubU* *ulj«h»t4» of nm* 
nunuvitii tin»l aluminiutn, t^r lh«’ »-»i'al!r4 aUuu. ijwAUtilativa 

drtrnjunsititms havr fclwwn ihat thn anitsout s*f Btunmuia runtaliitd 
in air varlns at tliilprtmt Il»iw«»vpr, it may U* ai'rt’ptiHi thal 

100 eulsio njptrw nf air m»t mtniain Ir-us than I ur issurn than fi 
nailligrttmi nf ammonia. It k n-'niarkablp that unnsntain »ir cHintaiiK 
more fttnrarmia than thn air of vallpyi "rijp sir l»s th>*»‘ |4ar«i wh« 
mulmiil iMhstaruT* un«ii'r|jt»lrtg rlwngp inffl ai-rinnulalrtl, «im| rsjmnally 
Unit t»f al«W»», gimwally mmiAlm « iimt-h «|«ani»iy of thw gw, 

Thk ii lht» rtminn t»f thn |wuli*r |n!f?gpnt n«>!i»-r»l in #uch |4atH»t 
*M.mmw lymiooalat, m w*> *hall Imrn iii iho fo.Uuwiitji fhapfor, mm. 
Mum with Midi, rihI slwnkl U»w»ft>r© W fyumi In air in thr* form of 
sueh eotnbiRii.UoM, iin«t air etmtaln* r«rl«u»h* «ml niirtr »»l«h, 

Tho prwioo® of iiitde mW in air is |.r«v«{ wiehout doubt by th« 
fact that mln*watiir «>ntalnt wi apprwkbh'* amount «f it. 

Furtlmr {m nlsmtliy nmniionwl in Chapter 1 V.h air ronlaln* mm% 

F«->rrft|ii4 palfulftyow wplftitot » hit# t4 «»r O** <* sn IViBritiirf, m«y 

Umlw Oiow n:*«litlttnt {!!, i, «4>4 /| tw ty llm fufB»MU (« -- i i otWJfl 

[Ht .798 S'^npH■'•ril wh»r«* *•»■»/ li* Itso W6i4;l4 «*f *m«li »«4 

hwtiry <kl>jwt4 {miPittr®, JL-r. la «rt4 ta rfr,ie«niia»g it»» ■!». iftr- gr«v{M*>» 

Ae.)(» wwp?#«« It# u-fs^kt *4 ih# ir«»», 

fey kkitti ih» "ssMihl ef a tilrt*»4 »tr 4i®|»W-«*S «• 1 1 ff«w. «»»! r..»w.|«r.ni|y n t*ol'Jgraw 
for mmf »tit4o Mtil If ga^-* m, l« *»*. weighmt, «»tl iht 

w«il|fei«ii n*quli« tel l«» il te n* i*|,» j«k> •» Wa# nUi# f«f $W 

of Wm» iliMity rf Ifee »lf (!, II, »«4 /}. t»r»w WfA«r,i« «n 

k# i«wfbto id lt» *4 mr. iw iW r»«» .4 a Ji5r» iH» 

W(li|ht ftir mri« l« ftSHllffWtt*, #¥•« mi a eswttewl »•«» v«J«n«»«4 *4 H 

l®4 /• SoBft y,w« {IBW| t {jr'*»}»»»8#4 tH» weilpwl »»,! «}.j.liie4 »l f<'>r Ihi* 

purpw#, Alw^U^lwdekwsi la telim, wl ii* *hIis«m* mwI me-.glA la »♦•ac-iniw 
iMre MeumWy Mdl wrtftrf fn'w W»w l*» w«»». *»» »rwl..ssg 11 wl.iate 

■tJ« wlghUn ^ fff A |f¥«9 d«*tty, wrt t»f mUtwUm thw tt»m ii« 

weinht M»«l fllfldtog fey tt# iKd»i»» w« lfe» mi tt»# air 

^ SofeJowing stBdiBd tfe» iN|wltibrt«w el itw t,| ife» »is«l »t ife« 

riv«p#, »M, &o,, and »feew«d ttwit 0» Ife* ^ 1« tol*wlt«ii«t*fe|i. Wlw«>« 

She mfete fe#twi«n the wnettat ©# to % eato* mmim *4 sir *»4 to a Iiwb «4 watof 

Bte«»0^,fctl0»»0‘0l0,4tM««©'«Olftls mi ftwpfoiw to wiw m»m t# » itoto' 
of equbibrittm to Um ««mnt ol Mumto to to« wi mmm*. 
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ftnd hydrogen peroxide and nitrous aoid^(aDd its afflffldiiiifc Salt), i.s* 
substances having a direct oxidising action (for instance, upon iodized 
staroh-papor), but they are present in very small quantities.®^ 

Besides substances in a gaseous or vaporous state,®® there is always 
found a more or less considerable quantity of substances which are not 
known in a state of vapour. These substances are present in the air as 
dust. If a linen surface, moistened with an acid, bo placed in perfectly 
pure air, then the washings are found to contain sodium, calcium, iron, 
and potassium.®® Linen moistened with an alkali absorbs carbonic, 
sulphuric, phosphoric, and hydrochloric aoid§. Further, the presence 
of organic substances in air has been proved by a similar experiment. 
If a glass globe be filled with ice and placed in a room where are a 
number of people, then the presence of organic substances, like albu¬ 
minous substances, may be proved in thd water which condenses on the 
surface of the globe. It may be that the miasmas causing infection in 
marshy localities, hospitals, and in certain epidemic illnesses proceed 
from the presence of such substances in the air (and especially in water, 
which contains tpany micro-organisms), as well as from tho presence 
of germs of lower organisms in tho air as a minute dust. Pasteur 
proved the existence of suoh geras in tho air by the following experi¬ 
ment :—He placed' gun-cotton (pyroxylin), which has the appearance 
of ordinary cotton, in a glass tube. Gun-cotton is soluble in a mixture 
of other and alcohol, forming tho so-oallod collodion. A current of air 

Wliilsli formed in tho air tho 80 oxidising subatanoos (NjOj, ozono and hydrogen 
poroxido) at tho samo time rapidly disappear from it by oxidising those, subatanoos which 
oro oapahlo of hoing oxidised. Owing to this instability their amounts vary oonsiderably, 
and, as would bo oxpootod, they are mol with to an approoiablo amount in pure air, whilst 
jthoir Amount dooroasos to zoro in tho air of oilios, and ospooially in dwoUings whore there 
is a mtudmum of substonoos capable at oxidisation and a minimum of conditions for tho 
formation of suoh bodies. Thore«is a oausal oonnootion botwoon tho amount of those 
substanoos present In tho air and its purity—that is, tho amount of foreign residues of 
organic origin liable to oxidation prasonl in tho air. Wliere there is much of suoh 
rosiduoB their amount must be small. Wlion they are present tho amount of organic 
Buhatanooa must bo small, as othorwiso thoy would bo dostroyod, For tills reason 
efforts liftvo boon inado to apply ozono for purifying tho air by evolving it by artiflolal 
moaua in tho atmospliovo ; for instaueo, by pasaing a sorios of oloolrical sparks tlirough 
tho vontilatiiig pipes eemveyiug air into a building. Air tliufi ozoniwod dustroys by oxidation 
—that ia, brings about tho oombustion of—tho organic rosiduos prosout in tho air, and 
thus will servo for purifying It. For thoso roasons tho air of ciUo^ ceutains loss ozono 
and suoh like oxidising agents than country air. This forma tho diatiuguishing feature 
of oounbry air, However, animal life ouunot exist in ah containing a oomparalivoly large 
amount of ozone. 

Amongst them wo may mention iodine and alcohol, C 1 II 9 O, whlcli MUata found to 
bo always proaont In air, tho soil, and water, although in minute traces oply. 

A portion of tho atmosphorio dust is of cosmio origin j this 1> ttttlklpbtodly proved 
by the fool of its oontalning inotallio iron as do meteorites. Nosfdeu4®td found iron in 
the dust oovoring snow, and Tissondior in ©very kind of ah, altbougk uaioEafiy in v©qf 
smaU ^nantitiee. 
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wft* tbrongh thn frw » \m%M wf And tl» gan. 

eott<»n ivm thtm ssi a mjxtwro nf mhw ami alwhul Aa 

r«*»id«p wr« ilu»» oitlain'Hl w}«rl$ aA*tii*lly tb^ germa 

f>rfar!»Hm«, «* wRt «hom n hf nHrrt»%m|4m! and by tlieir 

tmparity i« dwplt»p inb* t%rgmmm9. {monbi, Ar.) favour&U® 

cmtclitlowi. Tlifi of tb«r> fpris3*i tl®tonnin« ibi* prujHiriy dt 

aif «l bringing aboit lhi» {wwww** »f ami f®rttwnsUtioa—- 

tbat ii tb« funtiAW«»tA.J alto-wlion til organic inl-^bincps, whbb k 
AfctnnimtntHl by ati pntir® eiiann** In pr«iprilefs, TH« ap|i«»,rftnct 
of idwpr tirKanissms, kifb vr>g*»iab|«* aa<t aniwai, w alway* to to romarkdi 
in t!n’f<r Thu», b*r insianre, in th» of fprmentAtioa, 

whnn, for oxamplt’, witm li in^K-wrrti IIib awwt jun*® »>! gmiw*, a 
Wsdiroont. mii whtrh la known o«4**r iho nawn «t l««t, and 

oEmtaina poeoliaf yim«i organimm#, <l@fms m|uiml tofnre th» 
organiwM rw* apptwr.** Thry «m floating In tlm *if, and Wl into tbt 
»wt*ot fprmwjtnblo li{|ttid tnm H. Finding tliwi«»i%*iw wmlor favourabte 
oomitiimw, thn dnveiop into of^anbtwi i tbpy mm nonrkfwi at 

ib« oxpftnan t*f tto orgwtte wtotottow, ami during gmwib idtwi^ and 
d(»tfoy It, and bdijf abont lorwentotlon ami |»atr»lai'tion. Tbfa in 
wky, !bit8«», the jttiwi »f tto gmjm wbent in tbo akin of 

Inadt, wWob idbrw iwe^ df lb® air hni l» Impnotmbk to tbi 
fern*, do«i not Itrowi, 4»« »»! altor »ra long «* tbn »ktrt mnaian 
intiifCsl, Tbii ta nko Ibo rm*o« why wimai snl^toncfla when knpt fro® 
«««» of idr may to pr^rvnd ftir a gtml of tiwo. Ff#w»rvdi 
foods for long tta vf»yag« am kopt in tbl* way ’** Itonw it k wldfiirt 
iWttAt bowevor MnitoritoAl lliti qaaiitlty of gorwn carriw! in tlio atwo- 
i^horo may Bo, still lb«y tow m !»»«»* dgm^mnm in naturo,*^ 
Thus w« mm tlmfc air wwtalrii a grmt mritty of wtobinow, Tto 
nilrogflo, whMx i* fottwi In it in tto toff«t ^ttjmtity, hft« tbe l«»il 

* Tk« M«a.trf tiMi •ptttewMM pwtk ^ cirpMw* ia a ««4tebl« 

Hittt ai^nM by mttf, toi itot wwk !*»«»« m4 U* Mk»«fw f«o4 te a wtaln 

(Mtlwt of Mu biwa ItoifMt bwM^iM n bM bwM pm«4 tw, wtoa, mI 

ttom ab, water, tto.) ti»«t umbm IvniMwMM m m4l m Mm 

t ffi bwi fti w ffftwwl tetetItMB t w r*iH i ttbirtifty it h fliw torn f 

to tb® d«vi^pMM»l ^ iMt<dl»w>4 My to WMgbl 

•* niffll to totoittettw at ito i«f»« tote » nitebb . 

* to f«A« MniraateM «l ^ lael tttrt patoh^k* frtfw*i»te*ki« A^wtid o« 

jp«iM «MtM fa ^ ato wa mf tb« faMMwtaM* d#* 

Blroylag to Ufa of HpafamA »fap * fetalw to apjp«tymiw« to aWir* |W0«»««. 
Afa whlflh Ito bawi to edy^Miw^iwii Ifer^ iiyptean* w«i4tt» W^wwfatol 

to K«rw« d «b 4 to*» to iawyto «l P«t»faeto». 

« *U0lrpr»«o«la^«*fa»»toMJto4a«teto4li^«irt[««»s faia to itofr 
^^kiwi, ©wfa* to ibfar fa toafa la 

irMtt«^tofafa)rgamwlM^w«pRmifatoirwi%^ Is to «m««I irf tel 

«a#)Mi«a fa to afa sgads fam «(lyte nifa) fa »iprsM p» l,W 
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influence on those prooessea which are ftooornplith^ by th« aetion ol 
air. The oxygon, which ia met with in e Icsior quantity tiurn &• 
nitrogen, on the oontraiy Ukes a very important part in » nuaahwf 
reactions ; it suppoi^ combustion and rMplmtion, it brinp akmft 
decomposition and ©very process of slow oxidation. The j».rt pkyrf 
by the moisture of air ia well known. The oarlKmio anhydride, which 
is met with in still smaller quantithw, hat mj immerifm Bi^nillcanri* in 
nature, inasmuch as it sorva? for the nourlihruont «»f plartta. The 
importance of tlio ammonia and nitric acid i» very gitmt, they arn 

the sources of tho nitrogenous iul^noes ©omprising an 
element in all living organismt. And, kelly, tte tn&iilwdmal qiiiotlly 
of germs also have a great signifloanee In a numfc^r of Thtw 

it is not the quantitative but the quaUtativo rokliona of tli« 
parts of the atmosphere which ditermine iti Iwportww I« imiur*.®* 

Air, being a mixture of varioua tubitaneti, ruay nuffer wwidwmhk 
' ehangm in oonsoquenoo ol toddentid droumstano^ It l« 
necessary to remark those ohango® in the oomp«ltioii t*f air wyeh laA# 
place in dwellings and in varioua lomlitiw whuw human l»iu^ li»ve 
to remain during a lengthy period of time. The n«|drfitlo« of 
beings and animals alters the air.^* A dmlkr delfiiumiifMt (»f »ir k 
produced by die iufluonoe of dcwmjKiaing orgaitio and 

especially of substanom burning in Hnncu it ia nwnMi-^ri t<» l«¥« 

^ We »#e ulmllM omm ((yorywlitim. F«r emni|4«, ibe «**•.« *4 e*»| 

(Vftfl day i« Uie Wtea h«dly imy eb«mie*l «sf tt* m4l im 

to til® nourWunent ol i>knl*. Th* lh«tr »w»t« i««feii tm •fwii 

dUluwd la oompamtlvdy muaU qoMtittei ta wait. M « J*is» >4 %imm 

nourlihtag wbitaaost bw rwoavdU tbw tl» wiU l« A# «»4. |»»i m 

uxUaikLi die la oxygen. 

A am. cl owboale waJhydrMe. a(r mmbm ftw» 4 *.1 mmUmrn 

anhydride hy volume. The wholedi abr a#s m a diiwtl pAwtt, »wtag m iMa gm» % 

other hnpuidUea. 

•** For till® r§tt«m omkUw, Ibw^ ud pie ei»«g« aottfwrtlfew $4 mt i* 

tlio Bflmo way hh rewpimtion. In Um of 1 kik«m» *«l «»45«*. m 

Tiiotroa of n,ir two olouigml m by il»t K 4 p.<». <4 »,n l« 

fonnml in tliia vtihtina««f lUr. Tlw nwptrnlioii <4 ettliml® n»4 s.® f, its..? 

wid ««j»ic<i#Jly frtsin tho iriloatHiei! tool Oie #ser«ii« 4 ® (m »4 ii»» ai i.,, t .....jg 

plwe in them, oonl*mlneto Oto «ar t*» & eilUl fT«»t«r mnUm%t 4 

voktUe *ab»tatt<»» l»«»ifl«i oju-btsaw tmhydffek tofei Um pit h% o.® *4 

oorboale aaliydridi li formoiJ tl»« wwMttitt »f iU SUks.# si-s-i' &I. 

aoUeed the appeewAwef whtoh mt-m in Im «*w,l s/-,j 

notioeablB in pwriag far«» hmA ehr inN a lull ^ s!t.4. ^ 

Tho rowarebie of HehmitU wed I^Ahaw ft»4 ifc*! mm# Wt p*. ^ 

OSygfta (uiHloAd of 90'B p.o.), whew ll*a dittwitiiiini** to d## tej 
Botioeably low fli f«tr r##|»ir*iUMn, wisl shai tlw |p* 44 *ig iii. 

iaeMMW with ft lower itesreetit#^ t.f *«ygp|». It ^ difkalt ku fm: $ * t km f* 

.la tmWaiag l7-» pA of ojtygm. Th«*i wmm «togf fcf 
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regard to the of th® dir ti dwtllihp, ranurwid air, 

tho n*pl&cing of reiplrwi by freth aitj, li turmdl * wntHation,* ** and ^ 


otosrtfttlow «fl tt(« dr ittewal 4»pl^ Wn* ife* Tii* 

air Ife«k4»tt m& bdltUnfii tdl ^ p»i*|4» alw ^r«»«g la W** «jf«« f ii <ms 

fhmA m e#» oWMkun tkA e«4 «f a lltmlfk-d rewilnWiitt 6t» air la Ibe 

eaa^ttM IQ’tS p.6. *4 ©t|i«, wWlfti ate a4 ^ M|»l»*f fwri o( Ita iWlw ecwtoiafti 
m\f »‘ii t-6. Tlwt w«^ d «»rbia*te to lb® ate »»| l«» i«i»u u % 

«l tte ftwritf Wb«» 14 I t'w. II to tmy difciai tot b*4^ 

lo renwitt lonf to Mch dr, sad S4 to 4» «|» n »«iiUkM.ja f« Uto 

rtmnvd «f ttw dlulte«.te4 dr. la «tW te kWfi ttw dt to tlwdltetta to « ttniterwil’ fuel 
®toto, 14 to nmmmry l«» toln4w« at towi* i« wWis m^«m «4 tmA dr |p«f Wr pm 
Wo MW tlwl»iwt ftjthdwit »Wu4 i»» pI a 8«*lr» «{p*rW*ite 

dritlo |w»r iky. Awimt* t4««rtaUH«»t b«v»» i»to»wa Ibal air wmtatotof cts»>t#ttlb po. dt 

Mbdei! cftrWnto (m»» 1 dw a roff»>^p»4t8f w»«»ttni »tf lb» eiib«f 

whttoMM twlifdl te^« 4 b« »llb llj to »Mi»t fell l« W w »4 4 b« Am> 

twelfth attbto td «yfl»to« »rftbf4r^ Affayi l» tWefcrf wllb pnUa m«^m ol 

Irwh ate W14 b« i«te»i to It«*f ««« iI»m p** (by *4 

iwfth|irti« to tt« ate, H»« a »» #» w»t#»» t4 dr p«f »l«f, »it W eiibto 

»#tr@s pw hmt. WSib lb» tetetsJartfc* t4 «»l|i W wto# »»##•*• ot fwA ttte fiw pwa, 
tti« WBWt pf WkTtadi tthftedi WAy r<««b |»b« 4 tti» «lr wilJ «t«l llwa btd! 

tbe twiolnito teMlwwit. 

♦* Tbs mmtihOm @f Iwllil^ to »«»d mi t« mmm 

to bft«pftol@, sdWto, iIrfiMf Ift It I* i»#tI# 4 *» 4.|' sim •a-edWi 

«ftte^«s ftf (rtWM ate bel«« It «»l*r«- Th« tee* tot»4 t4 wWli»w to Ibk 

M« ^tmm to 'iAJA to* tiwto «*M ate to W a r.| p%w« S«,te4 % 

to#helpw«e««taiteM8ai^f». Itaf-«litottot4|^4ir«kflf iwwg wtoief.wwkteta 
ttokl toft tomitof Mr toiill bt »M, tatM to ttM«f tos MMut <4 w^'Mtira to to* 
Air k TMf ftmdl. f liMWtoi fw«*h sir l«4« & 4w»lti.tt«-pk*», «»b*I 

Aka wito^w toft ftlf fttewii bf w4 t*l»»r k. tt k »»«. 

Bftry Iba4^»if,^^4**to«wl«f to#tfl4«Ai«sM«l 

©f te«to dr. 1ft m&itmf wbw* s«A may wfn Ibft 

v«bMIa 44« te ©oftdaeted by »t«5d mmm, l» to* by ifw*. tor»»»tb 

wSftdowt, «d wifiiaa to wdJ#i,fc@»,8»4*t»4«»A wsto* 

room® vftftUkHiMi k al toe pmlwtl 

Aftlrod ritelity way eUtt iwrtiBfi* fn? a psrttd ti m»»Um %n »w ioatototof up 

to W p,». ftf eartettfe MliydrW#, If IH© Ti p « af mte i b»4 

raMaft ftewwi a §«rt*te Wiw#, ft»4 i»«to »«* i*w» •! a 

t» v«f Mwfly ttsUnpiltoi^ to m ««W«l»f fiww ft to i p « *4 

Arlflei tail ftRt»ri tUdily m» ^ to 14 tot« »p»»»wb*i lM»i urn*, 

«##el ©t tftA lif I* #f«« to tot l«»» «» »il»« In 

itolto ftli^lrt«k»i8sMrtfi^i«fttt4feF« to««i^ief 

toft mtaftw l«.ft to WMto far a i»§. rf i pm. »t «akrtwii»i« ««i*» h 

ift^Qf to Kin^Ni. A I# to» pltetiw td « wtltw wb*» WmMi^ 

to»W »iitf«(iaik>HBaiwtep^«^ft^ito<rfi»^itdyitiy wi»wt4>n^ «»»«pt«»ittw4fef 
wiif^ tefttot D««p willi Md mttlli i»l w«i»i» dwilauf «»4i>*i«s**, Md 


l««M ^ towtetaf A ^*1 tote II, A» fWMw »»*I4 ee* 

toft fluwA Thii to hiteAte lte» t»«l di mArni* wfeyirMfc M 

A«A»dIftkftepaiai^||^«tetoAlto»litatftM»ipA«f te ioAWiri 

«A@8*ltkbMfctotow«tA«ef«®to«Mi«*jtpte^»l,ii,^i,#^. tf CO, U mf 

mMy M§A to Ate, lh« fluu fli » U im f«WM^h it 

^»wh wMAlkP) mm w%m toti m. tte. »»i» b| 

T,a«f»Cl»«)towtortto»iiHWiiCto«wf ««*| to. 
•mbftwftwiAtowttopitoidlqrtoftpiUtailAi^eflfc^p^wto^^^^ftiii 






removal of foreign and injurious admixtures from the air is called 
‘disinfection.'^’' The accumulation of all kinds of impurities in the 
air of dwellings and cities is the reason why the air of mountains, 
forests, seas, and non-marshy localities, covered with vegetation or snow, 
is distinguished for its freshness, an^, in all respects, beneficial action, 

carbonic acid to the air; tho poroontage auffloient to exUnguiah fcho' flame being ae 
loUows (tbo poroeutago of oxygon ia given in parontboais); 


p.0.00, p. 0 . N. 

Abaoluto alcohol . , * ,14 (18‘1) SI (lO-O) 

Candle . . > > p 14 (18’1) SS (16*4) 

Hydrogen . *. v i, i, . 68 ( 8*0) 70 ( 6-8) 

Ooalgaa . .►.5 it (, -.i 88 (14*1) 46 (11*8) 

Carbonic oxide . ■ -« r. r, i S4 (16*0) 88(16*1) 

Methane .. PS ..j, 10 (18*0) 17 (17*4) 


The flamea of all solid-and Uguid aubatonoea ia extinguiehed by almost tho some per¬ 
centage of CO# or Nj, bnt the flames of different gases vary in this roapeot, and hydrogen 
continuoa to btum in, mlxtures which aro far poorer in oxygen than thoao in which the 
flames of other oombnstiblo gases ore oxtingoiahed; the flame of methane CII 4 is the 
moat easily extingulahod. Tho poroehtago of nitrogen may bo- greater than that, of COa- 
•This, together with'the foot that, under tho above oircumstonoos, the flame of a gas 
tooforo going out booomoB fainter and inoroasos in size, soems to indicate that tho oliiof 
reason for tbo oxtlnotion of tho flam 6 is the fall in its temperature. 

Different So-ooUod disinfootonts purify tho air, and prevent the injurions ootion of 
^rtaln of its oomponenls by ehanging or destroying them. ’Disinfootion is ospooially 
neeeesary in those places whore a oonsldoxable amount of volatile substanoos are 
evolved into tho nir, and whore orgardo substonoos are decomposed; for instanoo, 
in hospitals, olosots, &o. Tho numerous disinfootonts aro of tho most varied natm'e. 
-They may, bo divided into oxidislng,_ ontlsoptio, and absorbent substanoos. To the 
oxidising substanoos used for disihfootion bolong chlorine, and various subBtonoes 
evolving it, booauso objotino in the prosenoo of water oxidises tho majority of organip 
aubstonces, and this is why chlorine is-used as a disinfeotont for Siberian plagues. 
iSHirther, to this olass belong the permanganates of tbo oUcolis and peroxide.of hydrogen, 
as substanoos easily oxidising matters dissolved In water; these salts are not volatOo 
like chlorine, and therefore act much more slowly, and In a much more limited sphere. 
Antiseptic substances are those which convert organic substonoes into s»oh as are little 
prone to change, and ^prevent putrefootiou and fermentation. They most probably kill 
tbo genus of organisms Ooouxring in miasmata. The most important of those substonoes 
are orooeoto and pbonol (oarbolip add), which occur in tar) and act in preserving smoked 
moat. Phenol is -a substanoo' little^’soluble in water, volatile, oily, and having tlio 
olnvrooturisUo smell of smoked objects. Its action on animals in considorablo quantities 
Is Injurious, but in small quantities,.used in tho form of a weak solution, it prevents tho 
ehnngo of animal matter. Tho smdU. privies, whioh depends on tho change of oxcro- 
.montal mailer, may bo easily xomovod by means of dilorino or pbonol. fialioylio ^lOid, 
•thymol, oommon tar, and ospooially its solution in oJlcalis as proposod by Nonsky, &o^ 
:<iro also substanoos having llio same property. Absorbent substanoos are of no leas 
■.littportivnop, especially aa’provontativos, than tho preceding two clasBea of disinfeotouts, 
|inasmuch as they ore limocuous. They ore* tlroso edbatanoos whioh absorb the odori* 
iiforouB gases and vapours emitted during putrefaction, whioh are chiefly ammonia, 

' fiblphurottod hydrogen, and other volaWo compounds. To this doss belong duxooi^ 
ieertain salts of Iron, gypsum, salts of mognosio, and similar substonoeB, m well as pea^ 
'xpould, end clay. Cjuostions of disinfootion and ventilation appertain to the most 
serious problems of oommon life and hygiene. Theaa qneeUons exe so vtet that we aM 
l^ere.fible eAly.to give a^^bort oatUoe of (h«ir 
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air in iron retorts—they undergo what is termed dry distillation. A 
portion of the resultant substances remains in the retort and forms a 
carbonaceous residue, whilst the other portion, in virtue of its volatility, 
escapes through the tube leading from the retort. The vapours given 
off, on cooling, fopn a liquid which separates into two layers j the one, 
which is oily, is composed of the so-called animal oils {oleum auimale) 
tho other, an aqueous layer, contains a solution of ammonia salts. If 
this solution bo mixed with lime and heated, tho lime takes up the 
elements of carbonic acid from tho ammonia salts, and ammonia is 
evolved as a gas.® In ancient times ammonia compounds were 
imported into Europe from Egypt, where they were prepared from tho 
soot obtained in tho employment of camels’ dung as fuel in tho locality 
of the temple of Jupiter Ammon (in Lybia), and therefore the salt 
obtained was called ‘sal-ammoniaoale,’from which the name of ammonia 
is derived. At tlie present time ammonia is obtained exclusively, on a 
l.arge scale, either from the products of the dry distillation of animal or 

theroforo, a sorios of sparks do not totally dooompose the ammonia, but leave a certain 
portion midoeomposed. One volume of nitrogen and three volumes of hydrogen are 
obtained from two volumes of ammonia decomposed. Eamsay and Young (1884) invest!, 
gated the decomposition of NHj under tho action of heat, and showed that at 600°, IJ p.o. 
is decomposed, at 000 ° about 18 p.o., at 800° 66 p.o., but these results wore hardly free 
from the Influenoo of ‘contact.' Thejpreamce of free ammonia—that is, ammonia not 
combined with acids—in a gas or a<iuoouB solution may bo recognised by its oharooteristlo 
smell. Bui many ammonia salts do not .posaoBS this smell. However, on the addition 
of an alltali (for instance, oaustio llmo, potash, or soda), they eVolve ommonia gas, espeoloUy 
whom boated. Tho presence of ammonia may be made visible by introducing a sub- 
stance moistened with strong hydroolilorio aoid Into its neighbourhood. A white olond, 
or visible white vapour, then mokes its appeoronoe. This depends on the foot that both 
ammonia aud hydroohlorio aoid are volabile, and on coming into oontoot with each other 
produoe solid saJ-ammonioc, NH 4 OI, whioh forms a oloud. This test is usually mode by 
dipping a glass rod into hydrochloric acid, and holding it over the vessel fb;om whioh the 
ammonia Is evolved. With small amounts of ammonia this test is, however, untrust¬ 
worthy, as the white vapour Is sooroely observable. In this ease it is best to take paper 
moistened with mercurous nitrate, HgNOg. This paper toms black in the presence 
of ammonia, owing to tho formation of a block compound of ammonia with meronrous 
oxido. Tho snuillost traces of ammonia (for instance, in river water) may bo detected 
by moans of tho so-oallod NcBslor’s reagent, containing a solution of morourio chloride 
and potassium iodide, which forms a brown coloration or precipitate with the smallest 
quantities of ammonia. It will bo useful boro to give tho thonno-chemioal data (in 
tliousands of ludts of heat, aooording to Thomsen), or tho quantities of heat evolved in 
tho formatioh of ammonia and its compounds in quoatities exprossod by thoir formulro. 
Thus, for inslanoe, (N+Hs) aC'T indicates that 14 grama of nitrogen in combining with.. 
8 grams of hydrogen develop sufficient beat to raise tho tomperatnro of !46'7 kilograms of 
water 1°. (NHj+nHaO) 8-4 (l>eat of solution); (NH8,nnjO+H01,nH«O) 10*8; 
(N+H 4 +' 01) OO-O; (NH 5 + HCl) 41-0. 

® Tlio samo ammonia water Is obtained, although in smaller quantities, in the 
dry distillation of plants and of cool, whioh consists of tho remains of fossil plants* 
In all tlioso 00808 the ammonin proceeds from the destruction of the complex nitrogenous 
substonoes ooourring in plants and animals. The ammonia salts employed in the arts 
ore prepared by this method. 
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tesembling comttton. salt in appearance and properties. Ammonia may 
-be very easily prepared from this eal-ammoniao, NH 4 OI, as from any 
other ammoniacal salt, by heating it with lime. Calcium hydroxide* 
CaHjOj, 03 an alkali takes up the acid and sets free the ammonia, 
forming calcium chloride, according to the equation 2 NH: 4 Cl+OaIIaO» 
.tt=2HsO + Oa 01 a+ 2 NH 3 . In this reaction the ammonia is evolved os 
a gas.® 

It must bo observed that all the complex nitrogenous substances of 
plants, animals, and soils are decomposed when heated with an excess 
of sulphuric acid, the whole of their nitrogen being converted into 
ammonium sulphate, from which it maybe liberated by treatment with 
an excess of alkali. This reaction is so complete that it forms the 
basis of Kjeldahl’s method for estimating the amount of nitrogen in its 
compounds. 

Ammonia is a colourless gas, resembling those with which we euo 
already acquainted in its outward appearance, but clearly distinguishable 
from any other gas by its ‘very characteristic and pungent sjnell. It 
irritates the eyes, and it is positively impossible to inhale it.. Animals 
die in it. Its density, referred to hydrogen, is 8‘5 ; hence it is lighter 
than air. It belongs to the class of gases which are easily liquefied.^ 

® On a small eoalo ammonia may bo proporod in a glass flask by mixing oqnsl pom 
by weight of slaked limo and flnoly-powdorod sol-amrooniao, tho nock of the flask 
being oonnoctod with a» arrangomont for drying the gas obtained. In this instonco 
noitlxor oaloium chloride nor sulphurio aoid oan be used for drying tho gas, since both 
those BUbstanoos absorb ammonia, and thoieforo solid oanstio potash, which is capable of 
rotaining tho water, is employed. Tho gas-oonduoting tube leading from the desiccating 
apparatus is tntroduoed Into a moronry bath, if dry gaseous ammonia be required, because 
water cannot be employed in oolleoting ammonia gas. Ammonia jraa fltatf obtained in 
this dry state by Priestley, and its oomposition.was investigated by Berthollet at the end 
of the last century. Oxide of lead mixed with sal<anunoniao (Isombert) evolves ammonia 
with Still greater ease than lime. !l!he oaose and process of the decomposition ore almost 
tho same, aPbO+BNH^OlMpbjOOlj+HijO+fiNHj. Lead oxyohloride Is (probably) 
formed. 

t This is evident from the fact that its absolute boiling pdnt lies at about -i- 180° (Ohap. 
tor IL, Nolo 29). It may thoroforo bo liquefied by pressure alone at tho ordinary, and evera 
at much higher tomperaturoa. Tho latent heat of evaporation of 17 ports by weight 
of ammonia equals 4,400 units of hoot, and henoo liquid ammonia may be employed 
for tho produotion of cold. Strong aqueous solutions of ammonia, which in parting with 
their onoraouia oat in a similar moimor, ore not unfroquently employed lor this purpose 
Suppose a saturated solution of ammonia to be oontained in a olgsod vessel furnished with 
a reoeiver. If the ammoniaool solution be heated, the ammonia, with a small quantity 
of water, will pass oft from the solution, and in oooumulating in the apparatus vtiU 
produce a oousidevable pressure, and will tlmrsforo liquefy in the cooler portions of the 
receiver. Henoo Uqaid ammonia will hC obtained in the receiver. The heating of the 
VO8S0I containing tho aqueous solution of ammonia is then stopped. After having been 
boated it oontoins only water, or a solution poor in ammonia. When once it begins to oool 
the ammonia vapours commence dissolving in it, the space becomes rarefied, and a rapid 
vaporisation of the liquefied ammonia left in the receiver takes place. In evaporating in 
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compound AgCljSN’Ha thus obtained is introduced into a bent tube 
(fig. 45), whose open end c is then fused up. The compound is then 
slightly heated at a, and the ammonia comes off, 
owing to the easy dissociation of the compound. 

The other end of the tube is immersed in a freez¬ 
ing mixture. The pressure of the gas coming off, o 
combined with the low temperature at one end of fio. 45 .—tuo uqwofaotion of 

, ,, . , , , ammonia In a tuiok liont 

the tube, causes the ammonia evolved to condense glass tube, a compound 

. . 1 . 1 • I J! 11 X X xi 11 o* oliloriilo of silver and 

into a liquid, in which form it collects at the cold ammonia is placed in tlio 

end of the tube. If the heating bo stopped, the tihoasoaiod^up!'° ^ 

■silvor chloride again absorbs the ammonia. In 

this manner one tube may serve for repeated experiments. Ammonia 

may also be liquefied by the ordinary methods—that is, by means of 

pumping dry ammonia gas into a refrigerated space. Liquefied 

ammonia is a colourless and very mobile liquid,® whoso specific gravity 

at 0° is 0’63 (E, Andi'^eff). At the temperature (about—70°) given by 

a mixture of liquid carbonic anhydride and ether, liquid ammonia 

crystallises, and in this form its odour is feeble, because at so low a 

temperature its vapour tension is very inconsiderable. The boiling 

point (at ft pressure of 760 mm.) of liquid ammonia is about —32°. 

Hence this temperature may be obtained at the ordinary pressure by 

the evaporation of liquefied ammonia. 

Ammonia, containing, as it does, much hydrogen, is capable of 
combustion/ it does not, however, burn steadily, and sometimes not 
at all, in ordinary atmospheric air. In pure oxygon it burns with 
a greenish-yellow flame,*® forming water, whilst the nitrogen set free 

preuBoreB are equal at about 20° j oousequeutly, at higher temperatures it is greater 
than the atmoepherio pressure, wliilst at lower temperatures the ammonia is absorbed 
and forms this compound, Consequently, all the phenomena of dissociation are here 
clearly to be observed. Joonnis and Croisier (1894) investigated similar compounds 
with AgBr, Agl, AgON and AgNOji, and found that they all give definite compounds 
with NHj, for instonoe AgBr,8NH3,2AgBr,8NH3 and AgBr.fiNHs; they are all oolourless, 
solid substanoos wliiob decompose under the atmospherio pressuroat +8’5, +84° and 
+ 61°. 

® The Uquofaotlon of ammonia may bo accomplished without an increase of pressure, 
by moans of refrigeration alone, in a carefully prepared mixture of ioe and caloiumi 
ohlorido (booauBO the absolute boiling point of NH3 is high, about +180°). It may even 
toko place in tho severe frosts of a Bussian winter. Tho application of liquid ammonia 
aa a motive power for ongines forms a problem wbiob has to a oertain extent been solved 

the French engineer TolUor. 

10 TJio oombustion of ammonia in oxygen may bo effected by tho aid of platintum 
A smOkU quantity of an aquoona solution of ammonia, containing about 20 p.o. of the gas, 
is poured into a wide-neolted beaker of about one litre oapaolty. A gos-oonduoting tuba, 
about 10 mm. In dlamotor, and supplying oxygon, is immersed in the aqueous solution of 
ammonia. But boforo introducing tbo gas an inoaudesoeut platinum spiral is plaoed in 
the beaker: the ammonia In tho prosouee of the platinum is oxidised and bums, whilst 
the platinam wire becomes still more inoandesoent The solution of ammonia is heated,, 










mmomM Of cmMmmt 


mk 

giv* Ito oxygMa th*t is, oxiilet at iiiUv^tk. Tlw diowapc^, 

tion of ftmmoM* into hydrcfen niiit»g«i noi oidy %^m pk*® afc ^ 
ired h»t m\d uttilftr ^ uf riitclrto but aJtoo by nmai df 

lamny axklWng talMtt&iao®* ; for laat«M», by |*«iirig ansmonk through 
A fettbo ooatolaiiif rttd-hol «>pp«' oxW#. Thu WAter thui foroiid may 
,bt ©dllwfeiHl by tultoteaew aWrbiitg it» Mid llto qtiwttity tif 
ra*y bt ttMwardl k a pk««OM ««i tlnw the a»tnp<mlUoa o| 

d«t«pmltt«4 tn Ak maaaer it it vpty f<my to pwi/u thal 
wattolM 8 prito by w^ht ef hydtt^im to 14 jwk by 
wdght of nitrofUJUi; mmI, by volmtt% 8 voli, rtf bydrt>g«i imd 1 vcd, rtf 
nitrogtiu fom 2 vok, of iwummiia,** 

Ammitnift i« »|»bk df ©oaUnlng with » otti»i»©r of 
formiag, like wAksr, of tmrimm d^irw* t>f ttobiUty. It k 

mom tolulde than mf fcb* gwM yi»l Ai^riW, krtii ia water and la 
away a^aWf wiatloM. “Wt b*?® ttirmdy mm, in ti» flrtt obaptw, 
titot ott« volttm* of water, al the <mlit»fy teiapwator®, diiwdfM ihoal 
too Yck. of WKttrtftk p«. gr«i4 wdaMtlly df aiwtMmk imbl«i it 
lo 'h» idwayt k«pt rwtly far m« ia the form ti aa idwtto,*^ 

vMt Ml a. piii d wwm^ wdi tte MKtaM Mpkate m 
tele mlMt wlte ttw InMaitMal iMbm- hf m mtuto ' 

ftwtef to ten §•«*#, tat att* » rfwirt itibi b m 

test &m l^to fcAwi after wrftef. t>mUg tt# fwk*! «f t^blnifew witeoai 

wtploitea, nWte tafoom d ivA* tamu «i twiib« ttf 

WMk# te* Awtef «i(|4*«tas Aww b mi 

oon^omdy water »a4 tehr^m mu Itwaalt. 

» TO4»»ftyte'Wt6eAh|'Ifb 14 W»»* *!•«•»» tewj bydm. 

g«^MpaaswKwri*bft| US wi»*^pw 

4 tolBaw dl ikmornb, tenw ttow 4 wodW 11 a* i v«»teoMi 

ef hfin^ I i fdeaw df «ia«»k woete im 4| I4p»#« b«nrte tbM» tte 

mm d but M tb* i w4aiw» gt» l »»4wim d 

Ste ktter wtti te »| to«8 m m »ti«t te feiwd te t» Ite 


«AflBoaWMieMwidMwawak 
4«-te,0W, thdr imt^, m « f, «r tt» 

Wp^a-e^?, Ulr^p«*w«tetitel»if«mf»bdw»iwlifted ♦fcnib«i 

Ols-I) Ct*8+W#l mm h* dbW te &» fetted# Pm tt» 

IcftBikMs MttteU^( Mr# ttm I* fs. tew te« wftrtwtli' tef«iilf»te4 te 
to tteirwteM* dtewb^e^opwvtif, Ilktew»wr,iii«|i»»«»te«te »«» 
aaft ftt ^ appm^ 111411,0 cwt p.e. »M*| to ttetr 

«a of «p p, 0^ te Bel wrfoteiw giw np tte kwA »*f tk*«fir 

wamonk #1 tte ordteaif IwapHstew, ie (tel »»w Ibm W p,#. Nllj b tmdf 
te ^loUon. AmmoteMd idatto mMse^ % mmmrn d fiw 

l««.Uteeryateb wktoh«««« towaWawmwikrt (f Cfe«te«te*i#fc 

»» S wtetottt ~U% tb« ^mpu »4t«|. »«wMo of tte mmmk, 

li«8te m te^ *^o®o»« mIvMom oMiii^ imaMk a wwf i^«w Mtelleo of 

««nmtete«^tete#d te k« 4iMl«4#. iJMb^ dlwi, b« 4 »»iBj rtter 
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which is commeroially known as apirita of hartshorn. Ammonia water 
is continually evolving ammoniacal vapour, and so has the characteristic 
smell of ammonia itself. It is a very oharacteristio and important fact 
that ammonia has an alkaline reaction, and colours litmus paper blue, 
just like caustic potash or lime ; it is therefore sometimes called cauatio 
ammonia (volatile alkali). Acids may be saturated by ammonia water 
Or gas in exactly the same way as by any other alkali. In this process 
ammonia! combines directly with acids, and this forms tho most essential 

capable of di^olving ammonia. Solutions of ammonia, wlien exposed to tho atmosphere, 
give oil a part of their ammonia in aooordauoe with the laws of the solution of gases in 
litjuids, whioh wo havo already oonsidorod. But tho ammoniacal solutions at the same 
time absorb oarbonio anhydride from tho air, and ammonium oorbonate remains in tho 
solution. 

Solutions of ammonia are roq^uirod both for laboratory and factory operations, and havo 
therefore to be frequently prepared. For this purpose the arrangement shown in fig. 40 
is employed in the laboratory. In works the same arrangement is used, only on a larger 
Boale (with earthenware or metoUio vessels). The gas is prepared in the retort, from 



Pro. 4C.—Apparatus for preparing soluUona or ammonia. 


Whonco it is lod into the two-nookod globe A, and then through a sorios of Woulfo'a 
bottloB, B, 0, D, E. Tho impuritios spurting over oolloot in A, and tho gas is dissolved 
in B, but tho solution soon booomos saturated, and a purer (washed) ammonia passes 
over into tlio following vosaols, in whioh only a pure solution is obtained. The bent 
funuol tubo in tho retort prosorvos tho apparatus from tho possibility both of tho proa- 
euro of tho gas evolved in it bocoraing too great (whon tho gas osoapos through it into 
tho ftir), and also from tho pressure inoidentally falling too low (for instance, owing to a 
cooling offoot, or from tho reaction stopping). If this takes place, tho air paasos into the 
retort, othwwiao tho liquid from B would bo drawn into A. Tho safety tubos in each 
Woulfo's bottle, open at both ends, and immorsod in tho liquid, servo for tho same purpose. 
Without them, in oaao of an occidental atoi)pago in tho evolution of so soluble a gas as 
ammonia, tlio solution would bo suokod from ono vossol to another—for instance, from E 
Into D,.&o. In order to oloarly eoo tho uoqossity for safety tubes in a gas apparatus, 
it must bo- romomhored that tho gaseous pressure in tho interior of the arrangement must 
exoGod tho atmosphorio prossuro by tlio height of the eum of the colutmrs of liquid. 
Ihrongh which tho gas has to pass. 
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cHimic&l wftetitm o! thlg ttibstanc#. If lulfilittrlt*, iilfcrip, «r a,n^ 
other icid bo broaght Into contact with Aromonk It fcbnorb* it, %nd ia 
•0 thung evolve! a krge imouot of heat &f»il l«row a com|«»undi having 
all tlw proimrtitu of R mil. Thu», for cxailt|4o, mUphurlc arid, KgiJO,, 
Itt ftl»orbl«g ammofil*^ forrosi («n ov4|Himtlng the »olutii>n) two 
Moordittg to tlw rtekllw c|uiintltlc« of ainnwnk awl rcIcI. (b» »lt ia 
formrf from NIlj + HfSO^, wwi et*ns«j«p»tly ban the rotn|i«itiott 
■NHiSO^, and the othw I* foreml from and to com* 

p<»ition ia tljorefom NiHsHOi, The fornicr hm an ac*ltl rwtetiun and the 
latter a ncutMl rraclion, and they arc esHtxl fT«|*cctlvely acid 
iidj'lwte (amtJHUJtnni hydrogen •wl|4»te)( Mui normal 
•nlphato, or s4m|dy Rinmoniwin Bnl|khfttc. The tame tokp** In tho 

action of nil other Midi j but «*rt*in of Uiem are able to form normal 
Attitiaottiuin mlteonly, whUitolhcr* glvelwtli acid fund iwm»} ainwonlam 
wdta, Thiadrtpndi on the naltirp of tho nrld nftcl not ©r» the ammottk, 
SM we shall afierwanlt«», Awmotdnw iialla ar** very riwllar In appear* 
ftneo and In many of their proiwrllc* to molAlllo iall*; for instance, 
sodinm ohlorkle, or table »»lt^ iwinblw •a.baiiittioHiap, or ammonium 
ehloridc, not wdy In to outward »i|i|«rft«ce but even In cryafcidllfi® 
form, la ita proprty ef fivlng pM»n|di4te.« with silver In lt« «da» 
billfcy ha wRb>r, and la to ©TOlflng hydrrwhlorte **dd when hoftitti with 
iUlplmrto a word* a bwI :|prf«j| i% to W r««arked 

in « entlrs of rtacfeiaM. An In «»m|m«ltli>n ii m$n 

If mbammoniafl, NlfiOl, \m com|!«r«! with teblc »li, N»Cd ; and the 
ammonium hydrt^n iulphaie, NH^IWt>„ wliti the «.«liuin hydrtjpn 
iulphabi, NftltSO^ 5 or attimooltiw MH<N0* «lth •wllura 

nltrafo, NrtKft^.** It kwn, oo ei;if«|s»rift| theakiv® cwmpeundt, that 
the part which wUum takes in the laltt i* plijetl In Rwmonium 

mite by a group Nli*, which Ii nmmmmm. If tablu mil bft 

w «it4 #*ls« imlglii $mm fa» W «Wlfrtj#l 

by Ita fiMt ttat ihi l*ti*r m t«m»4 twin ita « #it4« j»| »»»ftr-M, wJ A ih» tap* 

NJtea *f water, whil»l tta »«sit»la«» i»li« »» fr«i* M 

add, wiltaul ^ tit »»l«j bal tta mAhigf !• iwfesfrf it ww w4a lo 

Mttwak wtt«r,i»4 Iftsa ««ll# mA, to » f««pt«w»4 «4 *attw«ta wiib w«{»r. Tl»« Ita 

«i«w* »t et ^ttw «4lf ffi« «A. If» vmf elto m w lii« ailteft 

^ Mtd m Mb 

MaHO Ma» • np i*. 

Sodium bydradte hM Wamw mII 

NIhKO ♦ HOI « 11,0 ♦ WVd 
tomoBlttm hidrexMa W^t fal-ftwtittisti* 

»m M la leda tta bydiwyl « «^nmm h^W« 0« te wflae^ by eMartut. w It k fti 
bydfaia. 



COMPOUNDS OF NITROOEN WITH HYDROUEN AND OXYGEN 25S. 

called ‘sodium chloride/ then sal-ammoniao should bo and is oaJle(J 
‘ ammonium chloride/ 

The hypothesis that amtnoniaoal salts correspond ■with a complex 
metal ammonium bears the name of the a/mmonium theoTy. It was 
enunciated by the famous Swedish chemist Berzelius after the proposi¬ 
tion made by Ampere. The analogy admitted between ammonium and 
metals is probable, owing to the fact that mercury is able to form an 
amalgam with ammonium similar to that which it forms with sodium 
■or many otlier metals. The only difference between ammonium amalgam 
•and sodium amalgam consists in “the instability of the aitnmonium, which! 
easily decomposes into ammonia and hydrogen.*^ Ammonium amalgam; 
may be prepared from sodium amalgam. If the latter be shaken up 
with a strong solution of sal-ammoniao, the mercury swells up violently, 
and loses its mobility whilst preserving its metallic appearance. In so 
doing, the mercury dissolves ammonium—that is, the sodium in the 
mercury is replaced by the ammonium, and replaces it in the sal- 

Weyl (1804) by subjecting sodium to the action of ammonia at tlie ordinary tem- 
peraturo and under oouBiderablo pressures, Obtained a liquid, which was subsequently 
invostigatod by Joannis (1889), who confirmed the results obtained by Weyl. At 0° and 
tlio atraosphorio pressure the composition of this substance is Na+S'SNHs. Tho 
removal (at 0°) of ammonia from tho liquid gives a solid copper-red body having the 
composition NHsNa. Tho determination of tho molecular weight of this substance by 
tho fall of the tension of liquid ammonia gavo Nan^Noa. It is, thoroforo, fi'oe ammonium, 
in whioh one H is replaced by Na. Tho compound wiUi potassium, obtained under tho, 
eamo conditions, proved to have an analogous composition. By tho decomposition ot 
NIIsNa at the ordinary temperature, Joaimis (1891) obtained hydrogen and sodium- 
amide NIIaNa in small colourless crystals which were soluble in wator^ Tho addition of 
liquid ammonia to metallic sodium and a saturated solution of sodium chloride, gives 
NIIaNttijOl, and this substanoe is sal-ammoniao, in whioh is replaced by Noj. 

If pure oxygon bo passed through a solution of these compounds in ammonia at 
temperature of about — 60°, it is seen that the gas is rapidly absorbed. Tho liquid gradu¬ 
ally loses its dark red oolo.ur and becomes lighter, and when it has become quite ooIout' 
leas a gelatinous precipitate is thrown down. After the removal of the ammonia, this 
precipitate dissolves easily in water with a oonsiderable evolution of heat, but without 
giving ofit any gaseous products, Tho composition of the sodium compound thus obtained, 
is NHaNoallO, which sliows that it is a hydrate of bisodium-ammonimn. Thus, although 
froo ammonium has not boon obtained, still a sodium substitution product of it is kno'wa 
whioh corresponds to it as a salt to a hydrato. Ammonium amtdgam was originaUj-, 
oblaujod in exactly tho same way as sodium amalgam (Davy); namely, a piece of sol-' 
ammoniac was taken, and moistonod with water (in order to render it a conductor of 
elootrioity), A cavity was mode in it, into which mercury was pourod, and it was laid on 
a sheet of platinum oonnootod with tho positive polo of a galvanic battery, while thO' 
negative polo was put into connection with tho mercury. On passing a current the 
mercury increased oonsiderably in volume, and became plastic, whilst preeexvmg its 
metallic appoaranoo, just as would bo tire case wore tho sal-ammoniao replooed by a lump, 
of a sodium salt or of many other metals. In tho analogous decomposition of common 
metallic salts, tho metal contained in a given salt soparates out at the negative pole, im¬ 
mersed in mercury, by which tho metal is dissolved* A similar phenomenon is observed- 
in the case of sal-ammoniao; tho elements of ommonium, NHo' “ this case are also 
oollootcd in tho moroury, and are retained by it for a certain time. 













PBIHCIPLE8 OP CHEMISTRY 


ftminonifto, foming »odiuw chloride NIT4Cl+*HgNa=NftCl + HgKH4. 
Natiirnlly, thn lonufttion of amuioniutn fttusilgnin dm*fi rust ontiroly piw© 
tht) exbtentjo of imimuriiom Uiolf in a ii'jwmto iUti’ j Imfc it showt tho 
posaibility of tluu auliBlittico oxinting, and its auaU»gy with tho matali, 
Iwcause only uiotAladiwolvo iu njoroury Atjuuouiiutt ainalgatu crystal- 
li«ai in oulwii three heavier than water ; it i» only utitble in the 
ooldj ftud pfirticukrly at very low twnpi'rrtf urrs. It hegins tu atH'aiii|wsi> 
at the onlitmry tesnpomture, evolving Rwinonm ami hydroKim in the 
proportitin of two volumoi of anminnia and ont' vuluino of hytlrogon, 
NHi — Nlk-f' II. By the ttt’liun of water, amtwoniuw awalgnrn giv« 
hyflrogcti aiul iitimunua water, just m itHliuw ttwalgittu giu-» hytirogea 
aiul gcHliuin hytlruxide ; awl therefun’, in amjixlanro with the atunionium 
ihcHsry, atumonta. water uatwl l» hmkwl on a« c»>ntAiniiig auntHmium 
hytlroxklo, NH40iI,‘** Just m an aquooui sulutem of Botliuw hydroxitk 
contains NaDlL Tlw ariimonium hydroxide, like aunnanstiw ittelf, Is 
fttt «n«teblo iul*tanw, which wily diwiatnatpi, mu\ can only exiii ia 
a free tlate at low toropemturw.*' Ordinary aolutions of ammonia 
nauHt he hwketl on «tho praduct* of the dsMOcktion of ihw hydmxld©, 
inasmudi sj KIl40H*HH| +itaO. 

All Rnmtmkwl mXW t%i a rtt! hmt into awwouiir and fta 

ftddi whieh, on ooollng in eont»ct with mdi tklmr, re eombiaa fc»tgether. 
If th« ftold bt tton-voktlla, thi Ainmonlaipftl wilt, wh«m iwolv» 

the ammonia, leaving the non-volatile arid lurhind ; if the arid Im 
volatile, then, on hmting, both the acid ami atuwonla vtdatdiw tt*gs»ther, 
and on «»ling ro-ooinbine into tb# *alt whiob originally »ervrd h»r tb« 
fonnntion of their vapund* 

W© saay m»ttyoa, twwtw*-, Ihat wsdtar prteealw wswlllkina ii alw 

at fftnuin^ m luulfAm tlm of amatonittm. H mi 

«{liM be HhaJkw up with »u a*|Ucmi^ ttoltaUwa <4 ptanum «iU»n4«, wubnut mt^m dt 
atr, Uitn a spongy 'mm i« f(»nitdi whteh «wily wnli (}»« of 

h^tdroKfn. 

•® W« *a,w atwve tbal Ite »4»»bmiy ef a»«ottla Ih at biw aliidiM 

|0 tbe welfteBlw mite MWa+IlfO, ta whkh lb**# li» r»«»U« 

ftmwwift, and H may b* po^Abk rt b#w |«#wp«r»lanw W 

W8»b»Jb« hydmMe, l» a rtid fe«n. m 4i*»*wiAl«d 

««apH6»d», w« shwM a »atnM*|loti ui lly* »kw In iJfw pr»|,»fly ilwww by 
noHCtiMda ef httof wtefBawly MlnW® to rntwr, intd la »« 4«tai ri to U» 

IhattKB^^Cb 

Sa ^tttoaatoa ftt the tenth «< tW« »« m».y ell* te»« f»Bwit|t«bk fart 

that th«i ftslil, la a ttm «tal« ««d m «ltU# » awiwa «{ aUwe 

Itoa hydrtwidai, NR4RO, «hWb tm jwrfociSf to aud 

present a striWnf rtwumWane# to li to »tU»w byiwufsK with Urn «»«iy 
that tlw bydrMg« In NK 4 KO t« fr«p«, lt*-CI 4 , L‘iH^ ia, k» 

faiatiiaa® NiCHahllO. DoWJs win temdi in «^bI« 

« Sa# feet dial amruonkMa Mdlt tua ^il«4 wmI not 

•ttbUmaa, may b« pwed by a aiwet larpwrln^ vdA Nlf^Cl, wbteh to a 

etafe <rft vapour k d««m.p<ma tale amsmk, NHj»«a 4 IICI, m ^ 
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Ammonia is not only capable of combining with acids, but also 
with many salts, as was seen from its forming definite compounds^ 
AgObSlTHa and 2Ag01,3NH3, with silver chloride. Just as ammnni^ 
te absorbed by various oxygen 6alts of the metals, so also is it absorbed 
by the chlorine, iodine, and bromine compounds of many metals, and in’ 
CO doing evolves heat. Certain of these compoimds part with their, 
ammonia even when left exposed to the air, but others only do so at a, 
ired heat; many give up their ammonia when dissolved, whilst others 
dissolve without decomposition, and when evaporated separate from their 
Solutions unchanged. All these facts only indicate that ammoniaoal, 
like aqueous, compounds dissociate with greater or leaser facility. 
Certain metallic oxides also absorb ammonia and are dissolved in 
ammonia water. Such are, for instar^oe, the oxides of rinc, nickel, 
copper, and many others; the majority of such compounds ore unstable. 
The property of ammonia of combining with certain oxides explains 
its action on certain metals'.*® By reason of such action, copper vessels 
are not suitable for holding liquids containing ammonia. Iron is not 
acted on by such liquids. 

The similarity between the relation of ammonia and water to saitlta 
and other substances is more'especially marked in those cases in which 
the salt is capable of combining with both ammonia and water. Take, 
for example, copper sulphate, CuSO^. As we saw in Chapter I., it 
gives with water blue crystals, 0uS04,6H30; but it also absorbs 
ammonia in the same molecular proportion, forming a blue substance, 
CuSO^jSNHa, and therefore the ammonia combining with salts may 
bo termed ammonia of oryatallisation. 

Such are the reaotiom cf oomhinaiibn proper to ammonia. Let us. 
now turn our attention to the reactions of substitution proper to this 
substance. If ammonia be passed through a heated tube containing 
metallic sodium, hydrogen is evolved, and a compound is obtained 

be explained in the following ohapter. The readinOas with which ammonitnn colts dooom* 
l)OBO is soon from the fact thot a solution of onunonlom oxalate is decomposed with the 
evolution of aiumonio ovon at —1®. Dilute solutions of ammonium soJts, when boiled, 
■^vo a(iuoou8 vapour having an allialino reaction, .owing to the prosonoo of free ammonia 
given o'H from tlio salt. 

1® Isambert studied the dlssooiotion of ammoniwosl compounds, as wo Ixojvo seen in 
■Note 8, and showed tlmt at low temperatures many salts are able to combine with o 
«tlll greater amount of ammonia, whioli proves an entire analogy witli hydrates’, and as 
in this ease it is easy to Isolate the definite oompounds, and as the least possible tension 
of ammonia is greater than that of water, therefore the ammoniaoal oompounds present^ 
ft groat and pooulior Interosb, as a means for oxplainbg the nature of agneous soln- 
-tlons and as a confirmation of the hypothesis of the formation of definite oompounds in 
thorn; for these reasons wo shad frequently refer to these compounds in the further ez^ 
position of this work, 

Ohap^r V., Note a. 
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one atero of hytlrogen lareplftetKlby waatora 
of iodlum, N HgKik(«U!OowUngto tb«»wjUfttion Nil * + Na w N IlaNaf H), 
This IkkIj SH torniod icKlimu auiu!e. We nhidl Afterwuirtbi mm that 
iodine asstlelilorintt aw alwoR|«i,bb* of dwvtly ds‘i{»kfing hydn^gen from 
ammdnitt, and t»f rtipkoing it. Ju fatit, t!ie hydri»gini «! atuiue>ni» may 
bo roplftcod in many wayi by diffeantt elenn'ittn. H in thia rt'j»lfW‘«menfc 
HHa r«m*iMj th© irptultant smlmtanwn NIl^H am milw! mnuira, whilil 
feb® iubstittttiott produftte, Nint|, In vldrb only NII mniains, uw eAlkd 
CroWti#,*® **** and tln!«e In whieh non« of the nmnutniaml hyda»gen 
romainft, Klla, are kiuiwn w toVro/m l*rP 0 amidegpn, NjH^, ig now 
known in a state of hydration under naino of hydraxiue , ®‘ It wm- 

WfeU NI!. hui Mfil, Itfj’it ut « tr** \>ut hi4f>*<4il'<r«>' mriil 

NHHCti l»» W«tt> |ti«PH t«y by tb«> W« 

fiW«»rkle ef t4iilinttti4 M«t «tttm«*nltin*4 rK'tjMlit'S ~ 1*1« allfl ? ,\|US«4 lit* 

eelttbk In wAt«r, whI Pfy»tam##« frem ll« itt rbusnbit' j.rMm#. 

a double »ll with FeCla «f Die l■’oi■bBNII{|c1 Tlt*» baH WIISi*i (@ wmllw 

ilKwerto) wllh Mte flwl {»*»s®tbbi itrsnltH^I <4 lb« of aiiswu.Bw, Klljtl, 

it ik*« net resemble It in m\f irf its 

Ff«i funitU^m nr N,lb, nf 8 KJI|. w«» rr*t|<*ris4 by t'urtkia (!««!'} bj 

we«iBt>f elbyl iJiiw«»*wl«le, w fterf fnrtunw**! »}nmi«s4 ilyj| 

feriAw»W«3 «kt»i4, t!IINt.CtX,)H(ttw )A«rtil4 \m wj|'l#«|i. »Wm with w»i#r or» 

»liwsral {(ju»UI»llf4|) esube «*si4 nwl awnbi^Ba IbydwJitwJ.tiiNg 

+ MW •S'ClgOt^QIllf + Halt* “t.», (w|»iriM4||J, tin* ilw w»lr-r fr,|4AJ *># lh» «llw 

|»sa el i^s MMteeWe aeUb The l« Itm® nbiAlnwi in ibm f«fM» *4 » •*!{. With 

iMiid#, tem»« wy iteWe »lt« ef ^ !»*» tfiw^t N%lbllX »»4 Nalbllil;,««, 

for i*««pte, wid» HOI, K#©^, *«. 11i«« »»Jl« aw mMly wy»l*!li9«»4; in wi**! rndtiWnM 

ttmy Mt w powrfttl rwlBeUaf *i«tK ntlr»«f»R j when thny mm il*k.-.,nt. 

Into ammtmiwsal mite, nitMgen.wnt bfdn'iesi; mlh «ilnl*>» Itnny B.ki.iv^ rtitf>.jfRR. 
Tlw sulphate H»H4,HtB04 Is ftpafinfly iw»l«14» to »*44 ««tef (i i« Iw* «•! w«*wb 
but is VPirj Kilwbli) In hut wster; Ite npw’lftu gwrily |« I <?«, »i fn»»s »| 8&4 ' w»lh dfr- 
oowpoftllion. Tltn hydrm'Jiluirtde HsH^jaHn eryetalliwss in is b«1uU1« 

in water, but nut in j it tu»« »t 1 W% erwStieg bydnsgen rbb.mlo uml b»nnisjf 

tU« mlt N 31 U 4 HOI 1 when rapklly it with m 0 S}.b'»*Mn; with pteUnte 

dibride it Imntwlktely wolres n(tn!**n, fofwln^ l*Un«*sii« pWttrMo. Hy iW df 

AlkHtllM the nalti NfH 4 ,fiHK giv« k^drahf «/ ttmiJvgmt H 4 H 4 ,Hgth wttt»h l« n fumiMf 
liquid (tpoifio rft'ftty 1 - 01 ), Wiling at Ur, wi»h«t wlonr, w*4 «h,««. ntmmw 

wlatloa wrrodei glu* and Iwllarubber, Hmi mi alkaline { 4 „|«.rii«s, 

®U« r«do«n« ei feydmte tm dwtly wms» fihim ib* f««i ii«t it rwint?®* il» 

IWU1« platinum Mid ««¥#r kmi ttndf With nwivnrt# *.i44» ii e»i4«l«» H 

rtaeto direetly wlt^ yi« *M«hfd« RO, foiwtaf and waiw; f<»r with Wn*. 

•Idrt^rd** II iiw« «» f»rf Klahte Wnble fc«w 8 fa«w fCVIbt'Hb'H r.f m ye||..w 
Wi add that hydnalne eften torwa d«nWe f»r esampK 

tf( XOllfgM4H,Ct, and that (I U ale# fofw«4 by llw mlhm nf nilitrtw **'14 ftbl»!»y4»» 

ammonia, pmAwte of ^ »ut»yt«tlw« of tJtm In hfdfMbw by bydm* 

oarben gmupi»(R«0H„ OaH*. #e.) wmm phuim4 imlmm hydrwlne llwlf; Im 
mcampK NHRNB* and piMk 

The hml of wduMw of tite Ndphntto aeW mil |l |«rt in «» «»4 W jwla rf water 
at W’-fl) In ettuftl In 0. to *»d «[Aii#n« tl» 

toOBtollMttoa of hydm«in« by wlp^m* Mli bt + M C, and hf hf*tewhb»rle «>M 41'i 0. 
IChw is a very fteW* Um, ter Ite Wat »f «»»«.« te w*t wly kmm rtww 

^ Of BttWflJa (4 Jf4 a lor Iiei). but mm b#lw that rf hy*f.tyt«»lw (♦ t-S 04 
who naat of termaMw^from tJi# «l liydrafad hydwsiii# »»f-i C wf*i»d«od 
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bines with acids and resembles ammonia in this respect In the action 
of different substances on ammonia it is the hydrogen that ia aubatituted, 
whilst the nitrogen remains in the resultant compound, so to say, un¬ 
touched. The same phenomenon is to be observed in the action of 
various substances on water. In the majority of cases the reactions 
of water consist in the hydrogen being evolved, and in its being 
replaced by different elements. This also takes place, as we have seen, 
in acids in which the hydrogen is easily displaced by metals. This 
chemical mobility of hydrogen is perhaps connected with the great 
lightness of the atoms of this clement. 

In practical chemistry ammonia is often employed, not only for 
saturating acids, but also for effecting reactions of doublo dcoomposi- 

from tha heat of combustion, determined by burning NaHiHjSOj; in a oalorimetrio bomb, 
+ ia7'7 0. Thus hydrazine is an ondothormal compound; its passage into ammonia by 
tho combination of hydrogen is aooompauiod by the evolution of 01’5 0. In the iirosonoo 
of an acid thoBo figures wore greater by +14*4 0. Honoo tho direct converse passage 
from ammonia into hydra^slno is impossiblo. As regards tho passage of hydroxylamlno 
bxto hydrazine, it would bo accompanied by tho evolution of heat (+ ai‘6 C.) in an aqueous 
solution. 

Amidogon must bo rogai'dod as a compound which stands to ammonia in tho some 
relation os hydrogen peroxide stands to water. Water, H(OH), gives, aooording to tho 
law of substitution, as was clearly to bo oxpootod, (OII)(OH)~-tliat is, iioroxido of hydro¬ 
gen is tho free radicle of water (hydroxyl). So also ammonia, H(NIIs), forms hydrazine, 
(NH 9 )(NHj)— that is, tho froo radiclo of ammonia, NHai or amidogon. In tho case of 
phosphoi'us a similar subetaiico, as wo shall aftoinvords boo, has long boon known under 
the name of liquid phosiihurcttod hydrogen, PaH^. 

81 Ilia In practioo, tho applications of ammonia aro very varied. Tho use of ammonia as 
a stimulant, in tho forms of tho so-oallod ' smelling salts ’ or of spirits of hartshorn, in 
oases of faintness, &o., is known to overyono. Tho volatile oorbonato of ammonium, or a 
mixture of an ammonium salt with on allcali, is also employed for this purpose, Ammonia 
also produces a well-known stimulating ofitoot when rubbed on the skin, for wbioh reason 
it is sometimes employed for external applications. Thus, for Instance, the well-known 
volatile solve la prepared from any liquid oU shaken up with a solution of ammonia. A 
portion of the oil is thus transformed into a soapy suhstanoe. The solubility of greasy 
eubstanoos in ammonia, which prooeeds from tho formation both of emulsions and soaps, 
explains its use in extracting grease spots. It is also employed as an external application 
for stings from Insoots, and for bites from poisonous snokos, and in general in medioino. 
It is also romarkablo tluit in oases of drunkenness a few drops of ammonia in water taken 
internally rapidly rondurs a person sober, A largo quantity of ammonia is used in 
dyeing, eillior for the solution of certain dyos—tor example, oarmluo—or for changing 
the tints of othore, or else for neutralising tho notion of acids. It is also omployod in 
the manufaoturo of actifloial pearls. For this purpose tho small soalos of a poouUat 
small fish are mixed witli ammonia, and tho liquid so obtained is blown into small hollow 
glass beads shaped like poorla. 

In nature and tho arts, Ivowevor, ammonium saUw, and not free ammonia, ore most 
frequently employed. In this form a portion of that nitrogen whioh is neoessory for the 
formation of albuminous substances w sujiplml to flanti. Owing to this, a large 
quantity of ammonium Biilphivlo is now omployod as a fertilising substaaoe. But the same 
^oot may bo pmclueod by nitro, or by animal refuse, whioh in deoomposing gives 
ammonia. For tliia roason, on wnmoulacal (hydrogen) compound may bo introduced into 
the soil in the spring which will be converted into a nitrate (oxygen s^t) in the summer. 
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tion ■wit'h ancl itpiokllj’ for »P|»rftting Intokbt® Imtio Bydiroxidlw 
fwm iolublo »ltt. l(6b MHO tUntl for m Irjiolubk kit!e bjdroxid® 
fttid HX ft»r an aeld. The mlt formod by them will have a ooroj^dtlott 
MHO + XII~H|0 «w MX, If M}Meoiis ftinwonla, Nll^Oir, l» add&d 
to a lolutiwi of thii i»1t, the ammonia will change placet with th@ 
ffiifcM M, and thui lorn the iawluU© l»io hydroxii!<\ or, as it it 
fift ft prtelpltelft, 

MX + NH^COH) « NII.X f MHO 

Ml ef ttiB ra<»to.l. Aqnmm» awmoei*. AmiHunittm mU. 

In BsihUiw In «4«linti In #nlttWi’n A* 

Thuf. for inatan 0 j\ If Ainmonk li aiblwl to a lohuion of $, 

iftlt of aluminium, then aluwlttft hytlrato k out m a eolourltw 

^ktinoua precipitate.®* 

In order to grwip the wktlen l»eiw@en wiimonlii and thft oxypn 
otimpoundi of nltrogon it ta to iw»p»l*e the general hm q/* 

m^tU'uthn-^ appllwbli to all §Mm of roljiitltulion Iwtwwm olementi,** 
ftod thiKifor® iihowlng what i»&y bt th® cwps «f iulwiltutton lwtw»n 
mjgm Mvd hydrofftn m awponwifc part* of water. The kw «f »uh. 
«tlttttlon may \m tWueM from meehwtilrftl principle If the ho 

w-n&^vtd m »lyatem of atomi wcurrhig in a, reriain chomleid 

ftnd laeehftaimi (^ttiliWum. By Ukeninf the tnokcule t« a ayatom of 
hotlte la ft Itftto of SftOtiim—for iMtiiitw, ti» th« »uui toiad of the iun, 
pkftiki ftnd SfttolEtoi, txWng In eoiidlllow* of iiK»htk is|wUtbri«m «• 
Hien wt Aould «xptot th® ftetitwi of on® jwrt, In thw ?iy«torti, to i« 
o^uftl and opptMt© to tho other, Rectmllng to Xewton‘« thlnl kw of 
meehanicf. Honci, given a maleeule ul a comiMjund, for initanc!®, 
HjjOjNHi, NaUI, HC), ■&&., ite wry two |mrta nmtt In a ehemliml mtm 

^ A« wrWn tiwlo hj4r«te« lorn jpwttilw wlA tn »«m« emm 

il happons that Ihs l«l pjrtkwi «rf M»iw*ittk **14*4 h* a •wl«ll«w «4 » »»Jl |»r«4eB« a pw* 
wWl*t ttw «44ltkia ef a tmA «|tt4ntttf »l ihia |sf**jl|4i*.te It 

w ee«|^M»4 oi li» b# *t.lal4» tw Thi*, f»f l»k« 

■pkefl with (h« Bui alBmliw ft«4 4lft«ilw ttwfcr r4re»w»l*»w«. 

• Wh^ dbliwta«| a* »i shall »||«»»ti4 tmm f»llf l«*nt, repine#* Ihi 

dw«9l h|ih^w, Mhi meWiM ^ wkteh «iiA w 

M 4 w^WtaUi, JkH+Oi » 40+ MCh fc» ItaA tw« All mwI *4»WI»#, <mM 

«©&*('» *1^ two AQ i«4 MtM, ar» | fc»4 fufil»»f, |wo 

ftMl ^ f*A mA twtf «lb«« ftw fewHfA Th« rwMsUoa pt««we4* mrf ksl 
dl rtiwwh A, % Bjwthwf, JC, is»« »«j| iiJw«yi »lA wwh 

4W*, m mi hy4fofp® {« mf 

twfdy fcs frwt «4 i»hwI*, ktl wlwHtotkw Wlwtwii 

mt m Itimm »»«i «!«»«« mm rf »Ki4*tl«i i*4. rsIttiHoa, 

la »:^Iag ef tk kw at I haw bi vlw th# wl^t«lis»» f4 Ih* 

oy WKtUwr, and tt@l ttM watltai el Ita k» td wtoWattea 

dtlwmiBW «ia #yd« e( th« emWaa^tejM ^ *, « a #«w «( ito w«|»wA 

(te* toikftei, hydrepa »«j»wd4 b« to®*#. A 4***^«l «f ttw* 

«f tti* kw oi a^tUlttttoa may k teuaft to wy ii<«^ «4 &« %r«J to 
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represent two things somewhat alike in force and properties, and therefore 
eve7'y two parts into which a molecule of a compound may ha divided 
are capable of replacing each other. In order that the application of 
the law should become clear it is evident that among compounds the 
most stable should be chosen. Wo will therefore take hydrochloric acid 
and water as the most stable compounds of hydrogen.®'* According to 
the above law of substitution, if the elements H and Cl are able to 
form a molecule, HCl, and a stable one, they are able to replace each 
other. And, indeed, wo shall afterwards see (Chapter XI.) that in a 
numbor of instances a substitution between hydrogen and chlorine can 
take place. Given RH, then ROl is possible, because HCl exists and 
is stable. The molecule of water, HgO, may be divided in two ways, 
because ih contains 3 atoms : into H and (HO) on the one hand, and 
into Hfl and 0 on the other. Consequently, being given RH, its 
substitution products will be R(HO) according to the first form, and 
RjO according to the second; being given RHj, its corresponding 
substitution products will be RH(OH), R(OH)2, RO, (RH)aO, &c. 
Tho group (OH) is the same hydroxyl or aqueous radicle which we 
have already mentioned in the third chapter as a component part of 
hydroxides and alkalis—for instance, Na(OH), Oa(OH)2, &c. It is 
evident, judging from H(HO) and HCl, that (OH) can be substituted by 
Cl, because both are replaceable by H; and this is of common occurrence 
in chemistry, because metallic chlorides—for example, NaOl aadNH401 
—correspond with hydroxides of tho alkalis Na(OH) or ]SrH4(OH). 
In hydrocarbons-—for instance, CjHg—the hydrogen is replaceable by 
chlorine and by hydroxyl. Thus ordinary alcohol is OjHs, in which 
one atom of H is replaced by (OH); that is, 02Hj(0H). It is evident 
that the replacement of hydrogen by hydroxyl essentially forms the 
phenomenon of oxidation, because RH gives B(OH), or RHO. 
Hydrogen peroxide may in this sense be regarded as water in which tho 
hydrogen is replaced by hydroxyl; H(OH) gives (OH)j or TIaOj. Tho 
other form of substitution—namely, that of O in the place of Hg—is 
also a common chemical phonomonon. Thus alcohol, OgHgO, or 
0 aII(,(011), when oxidising in tho air, gives acetic acid, CaH402> or 
C2H30(0H), in which Ha is replaced by O. 

In tho further course of this work wo shall have occasion to refer to 
the law of substitution for explaining many chemical phenomena and 
relations. 

If Uydvogou poroxido ho takon as a starting point, then atiU Wghor forms of oxida¬ 
tion than IhoBO oorrofiponiling with water shonld bo looked for. They should possesB tho 
ptoportloB of hydrogua poroxido, oBpocially that of parting with their oxygen with ex- 
tromo eaeo (even by contact), Such compounds me teown. Pemitrlc, persulphurio, oud 
Himiinr aoids prusout Uieso proxwrtloB, os we shall see ia dsBoribing them. 
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Wa wilt-wow apply W>«ir wjwptioM to ammonia, in okIw toso© {t« 
rekllon to tho oxygon ©ompottndinf It ii oviiRmt that many 

iul«t4iKH‘g rIjouIiI bo obtainable fmm Mntncmla, Nlt^, iir ftt|ueo«» 
Rmnionk, by «ibitltistlngtbelr byilrogro by hyilwxyl^or H, 

'by oxygen. Ami iurh it tJu' vsm, Ttiie two •'.xtrtnue t»f sueh mb* 
ititutiou will be m foUowi j (I} Ono atom of I!»» N H ^ Is aub’ditutotl by 
(OH), andi NHg(C)II) la prixltiwl. Booh n substAnre, bIiU rimlaining 
mush bydrogtn, ibeultl have many of the prnjwrllp* «if amsunnia. It ii 
known under the name of and, In foot, in e4j«blo,ljk§ 

Ttw* t'»iHi{tt>i!fnl ttf wtlli lijj.tj.wJil.srj*! muI b»« ih« 

KlfJOUtnt'l — NH/’IO tlwt il l«i (»a n «*S-M»iK*<sBlai'. Il «-*a pw* 

pMtfil hy !*<»®swn itt it»#a ty Itis* fwllmi of l»» wn| !i|4r««'Wofle »«i4 4o tlw o| 

Wfttor tm fc imSIwJ niisaltt, le wt#kb »**« |4»» tnm Ibt 

by*lrt«iJiJ«»rk> ♦»44 l«y Uw* lie wlii »5e»»e«il« r>f ftlljflu **-14 »« 

t-’db'NOj + 6» + IICI « .# I!|0 4. CJl4'0H 

Ethyl nilmtB llftbii#* fpo« & SICl Watof 

HC! «rf>4 Htt 

Jbui ta ihl« mm tJw nllritf wid <# »W3| 4ifii»fil|. inio »!tnt Iwto 

Wttin#, Hydrpsikwliw f« h| Hf J, i«fc» a utlitttw «! tto 

Mid hydwhlMTlftiMihl—that I®, by fc «!?*.<«»t»{ iti« cm ihi# alWe esdlk 

NO %llt ♦ i» »mf p 4W «;«*«*. AeccrfiSf l»i nieihoii^ k 

xdAvm df i8 pwte »lb|l dtmH 180 s«l« »sf t»a, »it4 40 |«ft« *4 «i»»4BU»»n at byjl». 
dbiatte ^ p. %‘m «m trtwi. Afl»f « i!»» tlw 

tpi»te»ie»rtf. Wh«8 m«lkm hm i»«»4 liw* 5i« by»«««»««4 hfilrog^ 

«UphM%lh«‘rfBi« »4 m\ }» iJm® obyJiw^ 

(©wlttg ki k* iBittw (krttaft df b|#efw « A* l*|4fw«|kwifw *»«spfct»»4, ttw hy4f«|}ti 
teM«| Bp f™« II Mid fenmlBf wntorli * Mwlion «».»Wnle| 

|J»« Mdt? thin «ll k iti mhfAffm* mm} imuilwl by Oi# 

additle» «f pkUnttm ehhtrWs, whieh pr*«ipit*t«a mf ^mntvminmi »a!l *111! t» 

lb« wJoiUm. After lh*iide<»}»t4w fc.latai tl%« li|4rwt|k»»te« J'ti.lf.-ti.literlil# 

ta erysUlfc TWb wWteew »*Ji« ni (»W«l »«•', «.4 In »t.4M^ thr.,inpfm$ 
Into h|ilr<.g»}i ehterld*^ water, «»4 mi A KMlpliBfJi* ftri4 rt.«* 

pBund of hyiJrosylMttlae my ha oUdJHrf t»f »l#teg * t4 iN ftbfwo mil 

With #ul|4ittrio *«kh Tl» ittljdwte te «4w wiSabte Is w«l«f }*• Uw bt.lfc«shWt4»} 
'iWi iJwws fchfti bydrft*|lMal», UIb Stair, !»«•« m «!»• pf »Alte!« wWb «»» 

Mid )8&^ b# {«*f w«»lli*r, It wlghl b»* that by » alrwaa 

•olBtoo a $, hs?Ar©i|k«li« with t wlBllwa of a dlkAli hydn.sfkmlft# itall 

WotM b« litorftted, jatl m m «j»wla witw»dw Sh»iw elfew*kte«M Mnm.mtej 
tel th« Ukiatrt hfdiWfykimliw k with ih* ,4 

taa ttd M»wik (uni p»o*»W| »luw»* , n^. X>iim# 

tolBW»« ma mm maltoB, ai&©^ twy rtwty, but fey ^ 

«i« fculi^ wltti bwrtttm i wwwi *4 byiwykwiw* k ftbwtwd to 

pi ifl pvUy d«#w|^^lj. IfsrdBaikinto# to bfc** *»»*«}*, 

tsMlpltotof bi^ h3ftoito% mA It Owsttotw* il« wtdw of mA mihrn 

I*m M*«^k«to« wm abteM by w^ry t% llnm |l»iSS|. || fe * mAA 
©olottritM, «7»iiaii»« whtttoM, eiw, wlto* Am» wit »*{| W|«w m\ Il hM 
^8 imjpsrly of dS^ttof Mltef ter tort«#p, «Abw rWcrtto. 

when mpSdly with ptotJawa, 4^pcw« a ««4i wd «» kmmUm ^ a 

ydtow It to ftlmoti ta«el«W« to rttsute Uk» 

and wrhea WsulphidB. Ite «» b^Wy ®t«bh., «wtoto b® to 

m m M«b p. HS at ST), Mid to i»pl ter ««y «tte»i mf 

da Bn^ H»«d hydwelttorfa «|| i# pw*!* Mrw hfdiwa'kwtoa, 
1^ wdl ww dwl toa«M arilb wdlaw wrthykto (ClI,Mad|, wm 
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atntoonia, of giving salts with acids; for example, with hydrochlorie- 
acid, ]!SfH3(OH)Cl—which is a substance corresponding to sal-ammoniac, 
in which one atom of hydrogen is replaced by hydroxyl.*'® ( 2 ) 'Th6 

adilofl to tlio mixture. The precipitated eodium obloridO was aoparatod from the solution 
by filtration. (The methyl alcohol is added to prevent the prooipitated'ohlorido of sodium, 
from coating the insoluble hydrochlorio salt of hydroxylamine.) ThoinoUryl alcohol was 
driven oft under a prossuro 150-200 mm.,.and after extracting a further portion of molhyl 
alcohol by ethor and sovoral fractional distillations, a solution was obtained ooutaining 
70 per cent, of froo hydroxylamino, 8 por cent, water, O'O per cent, ohlo’rido of sodium, and 
13*1 por cent', of tho hydrochlorio salt of hydroxylamino. Puro froo hydroxylamino, 
NH 3 O, is ohlainod by distilling under a pressure of 00 mm.} it then boils at 70®, and 
eolidlfios in a condousor coolod to 0 ’ in the form of long needles. It melts at 88 ''*, boils 
at 58® under a pressure of 22 mm., and has a sp. gr. of about 1*286 (Brllhl). Under tho 
action of NaHO it gives NHj and NHOo or N 9 O, and forms nitric acid (Kolotoff, 1898) 
under tho action of oxidising agents, nydroxylomino is obtained in a groat number of 
cases, for instance by tlio action of tin on dilute nitric aoid, and also by tho action of 
aino oSi ethyl nitrate and dilute hydrooldorlo acid, <fco. The relation botwoen hydroxyl- 
amine, NH 3 ( 0 H), and nitrous acid, ]SrO(OH), which is so oloar in the sonao of tho law of 
substitutions, booomos a reality fn those oases when reducing agents act on salts of 
nitrous acid. Thus Rasohig (1888) proposed tho following method for tho proparation of 
tho hydroxylamino sulphate. A mixture of strong solutions of potfissium nitrite, KNOi, 
and hydroxide, KHO, in molecular proportions, la prepared and coolod. An excess of 
sulphurous anhydride is then passed into tho mixture, and the solution boiled for a long 
time. A mixture of tho sulphates of potassium and hydroxyloirdno is thus obtained: 
KN0s-HKH0 + 2 S 0 a+ 2 H 90 oNHs( 0 H),HaS 0 .t+K 2 S 04 . The salts may ho sopsxfttod 
from each olhov hy orystalllsalion. 

»4 bii In order to illustrate the application of tho law of substitution to a given ease, 
and to show tho connootion between ammonia and tho oxides of nitrogen, lot us oonaldor 
tho poBsiblo products of an oxygen and hydroxyl BubsUlulion in caustic amm.onia, 
NHj(On). It is evident that the substitution of H by OH cartglvo; (1) NHs(OI-I) 9 }, 
( 2 ) NILafOIIls! ( 8 ) NH(OH).ii and (4) NfOH)^. They should all, like oaustlo ojumonia 
ItHolf, easily x>art with water and form products (hydroxylio) of the oxidation cf am¬ 
monia. Tho first of them is tho hydrato of hydroxylamino, '!NH 9 ( 0 I 1 ) + H 9 O; tho second, 
NH( 0 H) 9 +H 90 (and also tlio substanoo NH(OH )4 or NHjOg), containing, as it does, 
both hydrogen and oxygon, is able to part with all its hydrogen in tho form of water 
(which oould not bo done by tlio first product, sliioo it cont^iined too little oxygoiv), forming, 
as the ultimate product, 2 ]SfH 9 (OH) 3 —DHaO^NgO—that is, it corrosponda with nitrous 
oxide, or tho lower degree of tho oxidation of nitrogen. So, also, nitrous anliydrido 
corresponds with tho third of the above produces, 2 NH(On) 4 —OlIaO^NaOs, and nltrio" 
anhydride with tho fourth, 3 N( 0 II)j- 6 H 90 «-’'N 90 {. As, in those throe ogualions, two 
inoloculcB of tho substitution products (— 6 II 9 O) aro taken, it is also possiblo to corahlno 
two dilToroiit produolo in one equation. For instalioo, tho third and fourth products J 
Nn(OIl) 4 -l-N(On)j- SllgO oorroaponds to N. 4 O 4 or 2 NOa, that is, to peroxide of nitrogen. 
Thus mil tho five (noo later) oxides Of iillrogon, N 9 O, NO, N 9 OS, NOg, and NnOa, may bo 
deduced from aiiimbula. Tlio above may bo expressed in a gonoral form by the equation 
<it should be romarlcod that the oomposilloa of all the substitution products of oausUo 
ommonia may b© expreasod by NUjOi-n, whore a varies between 0 oud 4) t 

NHsOa -a+ NH A-t<- CHaO » NA-ca+a), 
where a+ft can evidently bo not greater than D| when « + ft<»i5 we have 
when«4 wo have NgO nitrous oxide j when a+ft"8 wo have NgOa er 
wad so on to N-jOj, when a + ft « 0. BosldoH which It is evident that {aleW©dJwt<ypro4ucte 
may oorrespond with (and honoo also bvoak up into) diSereat stwltog poWs j for inetano^ 
NgO Is obtained when a.|.6>»2, and this may ooeur elthfflf when »»0 fnltrio acid),and 
(hydroxylamino), or when a-6»l (Oie third of the above eubBtituUoa prodBois)^ 
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Other extreme mm of sohititutlon ii that given by amraonium hydroxW©, 
NH 4 ( 0 H), when th§ whol* of the hydmgi'n of the ammonium m r«. 
jilftced by «xyg»u ; Rml, as awmcjiuum eorstalns 4 atoma of hydrt>geu, 
the hlghint oxygen row|)c»unrl ahouhl Ni>|(c'>n|, or NHn^, aj wo 
find to l» refclly the tmp, for NilOj Is niirio w-id, exhilnting tha 
highmt clegrei^ of oxhkllon of tutttigen.®^ I! itwlead c«f the two 
txtrtmo Rtpueti of lulwtitwtifiii wo take nn Intermrdiale otje, wmihttun 
ihi intennKlIttl# oxygen comjwund# »»f nllrtJgen, For irwteiie©, 
N(Otf)j k orthonitroui fc« whieh «»rfe*«|iH>nd!i nitrou?i acid, 

Nu(()H), or Nnt>„ fqnttl t«» —H|(h mul nitrtnm anhydride, 

N*n^.-:3'JN(nii)j —JU!|0. Thwi inlrtigmi give* a iii'ri«>a of o*yg«a 
eoifl|iounds, which w« will procwl i« dwrilw. W*i will, howover, fiwt 
»how by two rxawpkf that In the first pkee the fwmgo of anuiKuda 
into idle t»*y|#n of up to nitric arid, a.s woH aa tho 

eoavemt prep-rttUon of awmtjtik (atul wiil«*t|uently of the intortnodkto 
©ompoundi ato) fr*)w nitri© irid, ari’ rtsaetlnn* whirh pnwwd dirocriy 
and «i*ily under twny ©IreunjstonMw, asul hi tlin wcond plM© that th# 
ftbovi genfsml principle of giviii ihw |»t**tbtlity i»f undtiv 

ttonding many, at flrti light «ni*|*#td«i and m»|ilox, rektbms and 
tnarfonaftM.«i,luoh «• th® jwrtpftraiiimof hyilfn-nltrtiu*»rid, nN|. In 
ttfttettt mtfctir ii compW«i.t^ by a nunilwr of Ititkonw?* and eir* 


W Nlkrle wMion^^irfis wllli !h# wib|drl4# »,0„ «bj«,b »4I mhmmmiU U 4B»erito4, 
httt wfebb m««t b« m to* mUm o*44»«4 m f»f«t ll» 

UydKwld# NaltO) to to« «s*i of wAtst, *1 ikAagI* wliitw »|wfi. n4« Ite 

pre^rtf of pwfWaf *id« {!« ei|f»n «llh lh» **i»* emm m iwsuifali*, if t«»| «ft 

hftxliftg, rI R.U ov«ml» to wlih to« tnUl# ** k{!»«« 

eofwprttKlIng |w»*kto, whtob w#.| t« wfW p«rellfto »«I4. I»« l« ot*! w^U 

known—I'rokWr NlltV-« tkftl ||« mmm^mMug wntiM U Ii to 

fttrmwl by tHo »M«« »*( h diiwtow^p M* * wtolaw ti wlrs*^ft «wl »»» Ikal 

A af II# cwitpn to in ft wtol# riitotof bt sk*i ta »#««.. Tli» to»lklMbl|' i4 Ibta wfe. 

itaw CeVrtalwd % IfftaWwaSlto, Ch*«»af«, wktelj »|4si« up wiA 

"tb® rf niW* p*mt!l4#,mdi tl« |« p«rwtl|tlmri» »»4t|,«l4i*ik w«» it»U[ 

AflwwiriR win pwiH mt p*rfi^ «»wf tt« «il liw liMto ik*l to 

torttaf k»flwa «»ewRli^ It, 

» (Oteftw !«.} ^ Hi# PMj, wllb 

NB^ mA tewi Wit^^ to ^4^, |rt m 

l» te ftltefte aeMI | Iwi |^»«|4«}fl8 f^r, t«ib»«|»bo«|i.toNt4«| 

to tew WAtof mS ft?# py». rhA wbl*. Tto. teltor to 

^ i 5**^**^ »kw »»top • PHtlj, »m Ikwrfw »fli4»! »-.t4. HK»i, to rmVif 

fMiliydfiw®! tkni 

w eTOO*»*M to neij w« ftW«t4 l«i S»4, W« 

KNO|C.|ilAJM>b «4 or«,«„itok wH, 
KaNO^f-p^OjBlI^Ok w totea^te py».nflfte mU, to 

Wt^Oipknrio wid, Wt ^ ^ fiw to»te». to X¥i, N«ito M> 

^ ta ftltoto Arid tow to ta« w Mwte ^ ^ mAtovy mJim 1*4 to# 

eomblM wito h^ KjO, to Ai^onimto to to« mmptdUm of 

toffipep^ whtoh fcto to ft»i ktoii C»M% + M* 0 » 
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©umstanoes, but in the law the relations are presented in their simplest 
aspect. 

1 . It is easy to prove the possibility of tho oxidation of ammonia 
into nitric acid by passing a mixture of ammonia and air over heated 
spongy platinum. This causes the oxidation of the ammonia, nitrio 
acid being formed, which partially combines with the excess of 
ammonia. 

The converse passage of nitric acid Into ammonia is olTootod 
by the action of hydrogen at tho moment of its evolution.*® Thus 
metallic aluminium, evolving hydrogen from a solution of oauatio soda, 
is able to completely convert nitrio acid added to the mixture (os a salt^ 
because the alkali gives a salt with the nitrio acid) into ammonia, 
NHOj + SHsrNHj+3HaO. 

2 . In 1890 Ourtius in Germany obtained a gaseous substance of the 
composition HNa (hydrogen trinitride), having tho distinctive properties 
of an aoid, and giving, like hydroohlorio acid, salts; for example, a 
sodium salt, NalSTg; ammonium salt, ]SrH4Na«*N‘4H4; barium salt, 
Ba(jN’8)j, &c., which ho thoroforo named hydronitroua acid, 

Tlio formation of ammonia is obsorvoci In many oftses of oxidation by moans of 
nitrio acid, This substanoo is even formed iit tlm action of nitrio ookl ou tin, OBiwciaily 
if dilute aoid bo employed in tho cold, A still more oonsidorablo amount of ammonia Ib 
obtained if, in tJio aotion of nitrio aoid, Ihore aro oonditionH directly tending to tho ovolu* 
tion of hydrogen, which then rcduoon tlm tvoid to ammonia i for Instaiiw, ijv tho action 
of zinc on a mixture of nitrio and aulxilmrio aoida, 

»8 bit Curtius started with botmoylliydraxino, OaHaCONIlNria (hydrasluo, m» Note 
•0 '‘tt). (This Hubstanoe is obtained by live ootiop of hydmtod hydroxinB on tli» eom- 
pound other of bonxoio aoid). Boiuoylhydrwilae UAdor action of nitroon aoid fives 
bonsoylaisolmide and waters 

OeHjOONHNHa+NOgH - OeHsCONg + aHgO. 

Bensoyluolmido when treated with eodium atoobolate gives the sodium eall of hydro* 
nitrous aoid; 

CoHjOONj+CaHsONa - OsHgOOgOaHs+NoNa. 

Tho addition of other to the roRultont solution prooipitates Use NaNj, and this salt when 
troatod with sulphuric aoid fivos gaBtiou# hydronitroua aoid, lINj. It ho# on aorid «m«U, 
asul SB oanily wilublo in water. The aqueous aolutlon oxhihita a strongly acisl n'-asitiim. 
MoIoIh tliMMtilvo in thla solution and give llui rorroBiKtitdlng oallB. With hydronilroue 
aoid gasoouu ammonia funna a white olousl, consisting of Use luUt of anmuiitlmo, 

Tlvia Bait BopanvtoB out from an alcoholic solution hs Use fsirm t>f white htslr<n)»» t»r(vU>«. 
Tho oalts of hydronitroua aoid ara obtalimd by a reactiois of Bubslltutio)! with llu>»>i»Uut» 
or omraoutum eolta. In Uii« manuor Curtiu# obtained and (tliulitnl Um salU of eslvar 
(AgNj), meroury (llgNa), lead (I'bNfl), barium (ItaNg). With hydrMini*, Naili, hytiKi* 
nitrous aoid forms saline compounds in lh« cmnposttinii of which there art mm w two 
partlolus of N^ll pw oue particle of hydraaisto; thus Nglf^ and NiHg. ThointWM 
©blainod in an ftlimml jmre form. It cryatallisnn from an wjueoui oolnWaa in 
volatile, lustrous prisms (up to 1 in. long), which fuse at ftO", and deliquMbM in the aijrf 
feom A solution in boiling alcohol it oeparatoa t»ut in bright cryttolliaft plate*. Tltissall^ 
ISiSk, ban the oome ompirioal oompoaiUon, NH, m th« oomonium talt of hydrouilmM 
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extraordinary eQWfwItion of t)iP e«fi»|«ionrl (amroonk, NH|, 
eonUltisont* N atom mwI ihr*i' II »l4»iu.i i in liNj, nn thit r«nimry, th©r® 
ar® thrw K atoinaantl enss II «toiii), Ihn tlwptniMfeituin «f its mlta 
with an c>snl<»»|pt», ttwl aW»v» 4 all lt«tii«titsrlly arul elwra<'l{*r (an aqueous 
fioUitlan »lu»wi a *tri>ng rmclinn hltwual, ss«<t tmly itKlIcat^ 
the lw|*orl*u«4 this wtirx|»'rl«| «lifis.**n-rry, l»«t s»t tlrat jfavp riwi to Bomo 
perplexity as to the nalur# csf ilip mlMunrt^ phtainrd, fur tl«» svi&tlous 

in whiek HH| tfe-iwl t« other »ltii|*l« rowi muuk «f riits«*iipn which hwl 
Jong b»n kitows^ ww ««t »t all rvitlpnc, aiul ihn #ii»'ritifio ipiril 
tii|»»«lally miMirci that thrre f4s<n»lil Iw tt tlwliiwf Imnd hs’twiwn mery 
jjsni'VRliiiu, mrry fr*"ih ilssvuvrjj, imuI that which li alrt'atly firmly 
I'stiihlialird mn\ known, f»*r it|K»n Ibk Irtuis is fiutitKlwl that si|'spiirently 
pamdosiral union In wltMjcf of r cojwrrvftllve utahilily with Mi 
irfwilitlhJo and never'r»i.slng im|irnvetn«tt-. Till’* initoing mnrwriioii 
kifcwMii tl» newly hjtlst^iiilfwwa mk% iIK|, a,nii tl«i loag 

Itiiiwii HII|, »imI nllrlo aeltS, liNO|. nmy l*n fiwwl in tli§ 

law of fclArttng fmii ih» well known pr«|wrtie« aad 

»a»jp»ilian of nilrie leitl «ul m I w«»lis»iml in the ' Journid 

of th« Huwkn l*h|»ltfO'C1ittU4km| ' ||f4'40), Tfie mmum of iht 

imtof li«i In lh» f»«l that l4» Itie hydrmla r»f ftnimonlmn, or causiio 
i»»eiil% KlI|Oil, thew ih«»alii i*'e«nling 0i the law of 

aa «rtk»>nilrto a^ltl {*m 3?X Sli^t 

whieh ©qittta Mft 4 ( 0 !!) wllh tl»» •ttlalliuilwn in II«»! («i) two aUmm of 
hyilrc^on hy mygm (0-II|) «.wi (l>) two uimm of hytlrogen hj Iht 
aquiotti mliete {OH-11). tMiwry or mwJ k wertly 

Ihii orthci-nitrin arid mintti water. T» ortho nitrle arid there should 
©ont*sj«ml the ftwnnmwraJ **11* : tfiofio itiftslituiwl, lIjN’IliNth i ki* 
inhitltulrd, , »fwl tri {Nlf,)|Mt>|, The* 

mnkining m they do h|«tmgei» siid oiygwt, like io»riy iimllar 
ftiamoftbtid wJta ftu* intiAnr®, t!li*ptnf IX.—art 

ftiBt WijH*, t« AI tiwi llwtr »,»# *fo site 

|lWi) iwli hf fumlmg liip rd te<rt4*it4 hf lint »lii» 

<»f EM%«m 4%0s,t latoiS, Wjit* a 

rtuttei ef «Hiw witi# R mmmg *4 hfArmii**>, ItM 

fci i»f»l t4 h pi|w4jsWAS», m.m% lls.lt wfe-teli t» I***!! «|*m 

Sl^l|+f ttl jll, |sfs»«»«l» •» Il4»® Jl #>:*•»» 8» «|s»rl»f»«8l 

fw tt# Irtte* Ik «4 hfAmnMmm* wfef hf lleftWIsii 

MftMfftM fitai tm th* h«»l i>a.t»n<3* 94 iiw* »Jl 

JljKNHj (J fm. te IW ei mkml -fiwt*, «*j*- 4 ife.* Its*! «4 
by bwitim hyrlmte + IM 0, bf f b « r‘ q‘t>» be*l *4 rMa>tj«^s*t» rtl 

+ let a t;. m a mmrnMi fd.} ^wm ife*i t 4 . 1 ik» *%ii w» 

- M-fl 0. wa Mrtlw) ~it*i ©.| Iftii tt<# #«!-}. *!%•» »»!«» df iKto r«wp»»»4 

laltahMiot ter«Alk« hw* • ei* t', tbi* »!»«•« tfm 

wmpouirf* iaifewiw i« tettef »i»lswffikTM*4 t»»b 
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aUe to part with them ii\ the form of water. Then from the first 
ealt we havo HaNH4lNr04 — 4H20=:lNr20—nitrous oxide, and from -the 
second H(NH4)2N04'—4:H20=HN3--hydronitrous acid, and from the 
third (]SrH4)3NO—41120=174114—the ammonium salt of the same aoid. 
The compositioh of HNs should bo thus understood, whilst its aoid 
properties are explained by the fact that the water (4II2O) from 
H(17H4)al704 is formed at the expense of the hydrogen of the ammonium 
and oxygon of the nitric aoid, so that there remains tlm same hydrogen 
as in nitrio aoid, or that which raay bo replaced by metals and give 
salts, Moreover, nitrogen undoubtedly belongs to that category of 
metalloids which give acids, like chlorine and carbon, and tlierefor©, 
under the influence of three of its atoms, one atom of hydrogen acquires 
those properties which it has in acids, just as in H 017 ‘ (hydrocyanic' 
acid) the hydrogen has received these properties under the influence of 
the carbon and nitrogen (and HNa may bo regarded as H 017 where 0 
has been replaced by Nj)* Moreover, besides explaining the com¬ 
position and acid properties of HI73, the above method gives the 
possibility of foretelling tho closeness of tlio bond between hydronitrous 
aoid and nitrous oxide, for 17 aO + 17H8=H173 + IIaO. This reaction, 
which was foreseen from tho above considoratione, was accomplished by 
Wislicenus ( 1892 ) by tho synthesis of tho sodium salt, by taking the 
amide of. sodium, (obtained by heating Na in a current of 

NHj), and acting upon it (wlioix heated) with nitrOus oxide, ITgO, 
when 2 NHsl 7 a+NsO, = NaK,, + NallO + NII3. Tho resultant salt, 
NalSfs, gives hydronitrous acid when acted upon by sulphuric aoid, 
NaNa +113804 = Na’HS04-hHNj. The latter give% with tho oorro- 
spending solutions of their salts, the insoluble (and easily explosive) 
salts of silver, AgNa (insoluble, like AgCl or AgON),andlead, Fb(N3)a, 
The compounds of nitrogen with oxygen present an excellent 
example of the law of multiple proportions, because they contain, for 14 
parts by weight of nitrogen, 8, 10 , 94 , 32 , and 40 parts respectively by 
weight of oxygen. The composition of those compounds is os fellows 

NsO, nitrous oxido j hydrate 
N3O3, nitric oxido, NO. 

NjOa, nitrous anhydride; hydrate NnOj. 

poroxido of nitrogen, NO3, 

NgOfi, nitrio anhydride } hydrate NlIOj. 

Of those oompouads,^ nitrovas and nitrio oxides, peroxide o£ 

w According to Ibo tljcrmoolicraloftl dctemlnatlods ol FftW*, SChotoSsn, oAd more 
emolally olBcrtUdot, It follows that, la tlic formation At ^oanUMss of tho oxldof 

of as express tliok fomialjs, If gaseons oitisegsh: laA wqrgon bo talma ae liMt 
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ft-nd ultrto ftpW, NlIOj, ftr« chafmrtt’rlw! m Wing iho mott staKlo. 
hmr m'itUMf wkm emtimj imia with tfit> higher, wjay gim ths 

intentmdiaie. /«mM ; for iriit«.w*t’, N<> ««! NC»g fonn NjOj, und (h 4 
may, in n^', tt higher timl itHfer €txui&. 

So HjC), gtvra N*Cl^ arid f»r, in thf» |»f©#«)nc« uf water, their 

hydmtrt, 

Wti hftvo ftlrtfwiy mt*n that, wndi'r »»nt!itisntsi, nitrtigen 

«M»Wnw with oKyf#n, wil w«» know that anmionk ttmy he axidisied, 
In thi«i cime* vftfinut oxidation prntlmis t»f nitn^en ftirminl, bicil 
In t!i« prntnu'v of water an4 mi »i! they alway* glv® 

nitrii' ariii, K»{ri>- and, «■» rormssponding with the highlit oxide, il 
able, iti d«H»ti«!»wtg, to nivo Ihe lawcsf ; it ii the only nltpogen 

ttoiil whtw-« wdti otYor fcimewlwt w»<!*'ly in rsaliirt*, and It ha« many 
«»«, for which wmmm we wilt l»gin with it, 

##ric’ fifii/, KIIC» 3 » is hk«»wi*» itwwn m at|Ma forlli. In a frae 
g-toto It Is Wily «it»t with In witire in feiwdl in iho air and 

Inraln'Water »ft*»r itrjrms i lntl«‘%'w« In ll»f« mttmmph^fv nitrle Arid dew 
iftot long roifwlit Ifw, hut ©»*«il»i«ea with wnnsimi^, iraws of which art 
fottiid In »ir. tin falling on tl«* *4»d and iftt*i runntnf wal«p, 
4e*, ^ nllri© fceid vmrfwhwo eoiinni Ini** f%»t»ia4“t with t»si«rs (np thuir 
which «llj »l on it, mni therefsiro it i*! rouferteti into 
&• liilwto td liiwi mirif arid i* always oipI with In 

th» fora of mlt* In mlntt*, Th» wdnhio salts i*f fsitri*-' arid *rt» calM 
mtr 0 $, Thii i»»fi l« d#f*iv«l from Itio I*«tln «! aitri. The pdatslwn 
Mkl^ ENCJg, ii ©omwon nltrn, and tl» wwlium NaN’tl,, (!J,iU mJ,!* 
jpifcpt,or enhle nilr#, Nilrw ar« In the **41 w-hen m nilpf^tflong 

ftkfWHf «n4 if r-owpiawi# W «!<»• lh« mutmU 

el hwii, «*rre*»«4 !ti t4 W*-| suiH **• mh4<’.tth»4 llwfiM* « 

l«4»4 

-il »4S -» -I 

»l# *m *lf *4 

&W*f9m* Is glteii t« %im h«**t F»»f Sf W#, n** t'** «f nllfeg^ 

eaBWft* wilh O—■Ifert!«, with t4 ttiisn ||,«w wtita -4 lissii 

toil li, wttelwl hi(*l III ¥»!•» *4 water I". 

i»|st>«sit4# in Ate v»m i fe#l If »«, t-f ««l*« 

WNk bwrt is aiteiw »«I 4 » i* **4 li»* h«*l I® 

ta batli ftwi tl» iifi«fes«» fwssrw h*«l will W w*«4t»il in wiit^a# 

flf« At %*» If hy «i>»wt4»lnf ««!* gi*»» ff/V ^ 

iwft from rtw Ahk, tail *»iM hi mm*tf. mi.tmt miim *4 f»«i. Hti ♦ 0 

• H),C»CW UHita wf kn»t, Til* Aifcwwtet 0m$t iu iim yusw iit*t iW imu!«*«»« *h*«rp» 
M«tt ef b«il e..m>»p»ii4« witt altete «*4 fc* tl»« liiilwt mfm $»mml f»» II 
wW# «v»4u|.Htft tof If ib|ttl4 allt# irM, hlll% »»» iai-i N »<»j > B, 

hmi »»»te »»a}4 he «^»i»i44 t«, m «4 hmi Imkm In lli 

ferattteft foe» Ae gawfc ll rfiwM fe* A«l ihw feM'Wilk* *4 winwftl*, MIfeit 

Im tiM 9MW M <•* % w^olw li i AewM tal Mitaw 
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substance is slowly oxidised in tbo preienc© of an alkali by nie««» of 
^he oxygen of the atmosphere. In nature there are very fretiuent 
instances of such oxidation. For thk reason certain will and robW*k 
heaps—for instance, lime rubbish (in the prosonoo of a ba»i— 
contain a more or less considerable amount of nitre. On© of 
nitres—sodium nitrate—is extracted from the earth in largo qwftntlilw 
in Ohili, where it was probably fornmd by the oxidation «'E animal 
refuse. This kind of nitro is ornphtyod in practice for the jnsnnifacturo 
of nitrio acid and the other oxygon compoundi of «itr<4gon, Kitria 
acid is obtained from Chiti ecdipstr« by heating it with miphurie acM. 
The hydrogen of the iulphurio acid replaee# tb® sodium in A# nitrf. 
The sulphurio aoid then form* either an acid salt, NallSQi, or a 
nownal salt, Naa804, whilst nitrio add i* formad from the nitro and 
ia volatilised. The deoompoiibion is ©xpreised by the equation!; 
( 1 ) 35 ?-aN 0 a + HaS04»HN08 + NaHS04, if the acid salt bt fora»d. 
and ( 2 ) 2 NaNOa + H2B04«NaaSO4 + 2 HNO„ if Urn normal mUurn 
sulphate is formed. With an oxeoM of sulphurio add, at t, motiermti 
hoat, and at tho oommenooment of the reaction, the deoompositioa 
proooods according to tho first equation ; and on further hmting with 
a sufficient amount of nitre aooording to tho second, bocauso the aeld 
salt NaHB04 itself acts like an acid (its hydrogen bring ropktwbl© 
as in acids), according to tho tMjuation NaNt)^^-NaHHO^aaKa^HO^ 
+ HNO3. 

Tho sulphurio add, ns it i« mdd, here disphicw tho nttrir acid from 
its compound with the Thus, ia tho rMwstion uf iulpliurie 

*«'''• TWb often 8:ivM riee to Uio bujiimmIUm that itUjiharle 
ftbls tlegTse of afiSnJty or onorgy oo»ap«M*etf with nitrio Mid, hut w« iWl 
that Ih* Idoft of Uh« rriaUvft degpfw of afinity of »IA» mU Is, ia may 
exosodiagly unhloMod} It a«#d not h« weept^ m kmi w It I* powiM# to lh» 

ohsorvod phonomeaa without wlmitUnf ft»y whaltw of Uw ileftwtt «»f ifc® 

foroo of affinity, beoau#® tho latter oonnot Iw itteMtirod. The Mlfcn of «Ml|»harto %rM 
upon nitro may bo oxiilalnod Uy tho fact aUino that lh« reattltosl nttr*e arid w 
Tho nitrio aoid Im tho only «»ntt of all tlio Bultutanopa partaking In the whscli 

able! to iniMM into vaiKHir; it nltmo is volatilo, wlnlo tho rpjtwMnlBr »i«r» sjr, 

more! Htrictly ojionkuiK, oxcomlitiKly eliflliuiltly vokttlo aulmtenroa. I.oi u« eiuajf.im. slm» 
tho MUliilutrit! lie-ill in imly al.U. to sot frtto a miml) ijUftiilily of ntUn. an.! fi.-sa .8» »«li, 
and tliiii will snnice! to eiX[daiii tliodtH!uni|hiBitjtin »if tlipwholpof llmntUisI-) She 
ftokl, boc’ttuwn (iiioo tho nitrio acid i» Boparalwl it jwwooa into othua Im-aJoil, »»»«! 

PMBOS away frtmi tho ophoro of aotitin of tho roinaiiiwf sohsiannia; iSsn, |{» 
eolphurio acid will »ot free a frorii wnril iju**iU(y of intnc wnl, and ®>. on tswisl II 
00 the ontiri quantity. It In ovldoul Uiat, in this p«i»!#i»»luin, si »« »r»»» 4 fci.*l ft*! Ahi 
fiulphurio Mid nhould bo in qjioew (olUiou^h sitii grf-eily} thrpugtwsl Iks 
aceording to the otjuation oxprwatng tho tv-mUmu W» iwl® »4 •alphwi® mm 
por S5 parts of Chili uitro j hut if thia projHirtion tw ia ttsv Mifte 

Mid in not all disongagod by Uto nulphurio ooid; on skmw of Mlv bt 

and gsnorolly HO ports of Chili nitro ore l«k«« p«r W purl* dl InM, m Ita4 a poftto® M 
tbs 6»]{>hario Mid retnoin* ttm to ib« tmy «b 4 ^ MMikMk ^ 
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fl-citl (m nitm (hwo l>< ftimpd a mlt nt i • »« 
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hti^wtai it hi a li^iaid vnktib uuhnimwJ fWidwiatd, 

wadbn «my «rrlrd nn f,, ^ g!«tlL* ’ w ih ! ^ 

Oa a iMg^ m%hs In Qhnmmd wmkl tfw prmm kml fD 


Lf^-\ i 

■‘ i 


Pte, ^^,m>', 


*»«-«»«. b«»d 

JIS »«wi«i. «M. « w _ ^ 

SSr-S?^ ariSS-^ 











COMPOUNDS OF NITIlOG^EN WITH HYDROGEN AND OXYGEN 271 

Nitric acid so obtained • always contains water. It is extremely 
difficult to deprive it of all the admixed water without destroying a 
portion of the acid itself and partially converting it into lower oxides, 
because without the presence of an. excess of water it is very unstable. 
When rapidly distilled a portion is decomposed, and there are obtained 
free oxygen and lower oxides of nitrogen, which, together with the 
water, remain in solution with the nitric aoid. Therefore it is necessary 
to work with great care in order to obtain a pare hydrate of nitric acid, 
HNOg, and ospooially to mix the nitric acid obtained from nitre, as 
above described, with sulphuric aoid, which takes up the water, and to 
distil it at the lowest possible temperature—that is, by placing the 
retort holding the mixture in a water or oil bath and carefully heating 
it. The first portion of the nitric acid thus distilled boils at 86 °, has a 
spooiflo gravity at 16 ° of 1 - 626 , and solidifies at — 60 °; it is very 
unstable at higher t 6 mpej*atures. This is the normal hydrate, HNOa, 
which corresponds with the salts, NMOj, of nitrio aoid. When diluted 
with water nitrio acid presents a higher boiling point, not only as 
compared with that of the nitrio acid itself, but also with that of water; 
so that, if very dilute nitrio acid bo distilled, the first portions passing 
over will consist of almost pure water, until the boiling point in the 
vapours roaches 121 °. At this temperature a compound of nitric aoid 
with water, containing about 70 p.c. of nitrio acid,®' distils over; its 

fonnatlon of tho hydruto, boouuBO wakor is first ponrod into the earthenware vessels 
orovloyocl for omidonsinK tho ultrio aoid In order tofaoilitato its cooling and condensation. 
Further, tho aoid of composition IINOg dooomposos with great ease, with tlie evolu¬ 
tion of oxides of nitrogen. Thus the eonunerolal aoid contains a great number of 
irapuritiee, and is frequently purified in tho following mannerLead nitrate is first 
added to the aoid beoauso it forms non-volatile and almost insoluble (precipitated) 
eubstanooe with tho free sulphurio and hydroohlorio aoids, and liberates nitrio acid in so 
doing, according tc the equations P^NOdla+aHOlooPbOla+flNHOg ond Pb(NOs)(i 
-h ra Pb804 + SiNIIOs. Potassium oliromato Is then added to the impure nitrio aoid, by 
which moons oxygen is liberated from tho chromic aoid, and tWs oxygen, at the moment 
of its evolution, oxidlsos the lower oxides of nitrogen and converts them into nitric acid. 
A puro nitric acid, containing no Impurities other than water, may be then obtained by 
oarotully distilling tho acid, treated as obovo described, and particularly if only the 
mldtHo porlltniH of tlm distillate ora ooUeotad. Such acid should give no precipitate,, 
either with a solutlou of barium olUoride (a precipitate shows tbo prasonoe of sulphurio 
ftoW) or with a solution of silver nitrate (a precipitate shows tho presence of hydroohlorio 
oold), nos should it, after being diluted with water, give a coloration with staroh eon. 
talning potassium iodide (a oolorakloa shows the admixture of other oxides of nitrogen). 
Tho oxides of nitrogen maybe most easily removed from impure nitrio aoid by heat¬ 
ing for a oortain time with a small quantity of pure oharooal. By the action of uitrio 
acid on tho oharooal oarbonio anhydride is evolved, which carries off the lower oxides of 
nitrogen. Qu rodlBUlllng, puro aoid i® obtained. The oxides of nitrogen ooourring in. 
eolutlon may also bo vnxnovod by passing air through the nitrio acid. 

*• Dalton, Smith, Biueau, and others oonsidered that the hydrate of constant boiling 
point (see Cliaptor I., Note 00) for nitrio aoid was the compound flHNOj,8HjO, but Rosooe 
ebowed that its oompoeitlon obanges with a variation of the pressure and temperature' 
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Nitric acid, aa an acic? hydrate^ enters into reactions of double 
decomposition with bases, basic hydrates (alkalis), and with salts. In all 
these cases a salt of nitric acid is obtained. An alkali and nitric acid 
give water and a salt; so, also, a basic oxide with nitric acid gives a 
salt and water; for instance, limo, Ca 0 + 2 HN 085 =s 0 a(N 03)2 + Ha 0 . 
Many of these salts are termed nitres.®'' The composition of the ordinary 
salts of nitric acid may be expressed by the general formula M(N 08 )„, 
where M indicates a metal replacing the hydrogen in one or several 
(n) equivalents of nitric acid. We shall find afterwards that the atoms M 
of metals are equivalent to one (K, Na, Ag) atom of hydrogen, or two 
(Ca, Mg, Ba), or three (Al, In), or, in general, n atoms of hydrogen. 
The salts of nitric acid are especially characterised by being all soluble 
in water Prom the property common to all these salts of entering 
into double decompositions, and owing to. the volatility of nitric acid, 
they evolve nitric acid when heated with sulphuric acid. They all, like 
the acid itself, are capable of evolving oxygen when heated, and con- 
sequoirtly of acting as oxidising substances; they therefore, for instance, 
deflagrate with ignited carbon, the carbon burning at the expense of 
the oxygen of the salt and forming gaseous products of combustion.®® 

ultimately beoomes ooloutless. Tliia ia owing to tho tact that the oxides of nitrogen in 
the presence of water anti nitric acid arc chajigcd, and give coloured solutions. 

Maritlofialty (IbOa) showed that tho groon solutions contain (hosidos HNOj) HNO^ 
and NaO^, whilst tho blue solutions only contain HNO 3 (soe Note 48). 

Tho action of rod fuming nitrio acid {or a mixture with sulphuric acid) Is in many 
oases very powerful and rapid, and it Boinotimes acts differently from pure nitric 
acid. Thus iron booomos covered with a coating of oxides, and insoluble in aolda i it 
becomes, as is said, passive. Thus ohromio acid (aud potassium diobromate) gives oxide 
of obxomlum In this red aoid—that is, it is deoxidised. This la owing to the presence of 
the lower oxides of nitrogen, which ore capable of being oxidised—that is, of passing into 
nitrio sold like the higher oxides. But, generally, the action of fuming nitric ooid, both 
red and colourless, is powerfully oxidising. 

M Hydrogen is not evolved in the action of nitrio acid (especially strong) on metals, 
even with thoso metals winch evolve hydrogen under the action of other ooids. This is 
booauBO tho hydrogen at tho moment of its separation reduces the nitrio acid, with forma* 
tion of tho lower oxides of nitrogen, as we shall afterwards see. 

Certain basic salts of nitrio acid, however (for example, tho baalo salt of bismuth), 
are insolublo in wator 1 whilst, on tho other hand, all tho normal salts are soluble, and 
thin forms an exceptional phenomenon wnong acids, because all the ordinary acids form 
Insoluble salts wltli one or another base. Thus, for sulphurio aold the salts of barium, 
lead, dso., for hydrochloric acid tho salts of silver, (feo., are insolublo in water. However, 
the normal salts of aootla and certain other aoids are all soluble. 

»« Amtnonium nUrate, NH^NOs, is easily obtained by adding a solution of am* 
inonia or of ammonium oarbonata to nitrio acid until it becomes neutral. On evapo* 
rating this solution, crystals of the salt arc-formed whioh oontahi no water of orystalliaation. 
It orystallisoB in prisms like thoso formed by common nitre, and has a refreshing taste; 
100 ports of water at t® dissolve 61 + 0-Cl t parts by weight of the salt. It is soluble in 
aloohohmella at 100®, and is docomposed at about 160°, forming water and nitorous oxide, 
NH^NOaBxSlHaO + NaO. It ammonium nitrate be mixed with sulphuric acid, and tho 
mixture be heated to about the boiling point of water, then nitrio odd is evolved, and 
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pounds contain both combustible elements (hydrogen and carbon), as 
well as oxygen in unstable combination with nitrogen, in the form of 
the radicle NOa of nitric acid, they decompose with an explosion when 
ignited or even struck, owing to the pressure of the vapours and gases 
formed—free nitrogen, carbonic anhydride, OOa, carbonic oxide, CO, and 
aqueous vapour. In the explosion of nitro-compounds much heat is 

appoauance aa tlxo ootton originally taken, diilora from it entirely in properties. It 
explodes whon strook, bursts into flame very easily under the action of sparks, and acta 
like gunpowder, whouco its name of pyroxyliir, or gun-£otton. The composition of 
gun-cotton is GoHvNsOnaCoKjoOs + BNHOj— 8 II 5 O. The proportion of the group NO* 
in nitrocolluloso may ho dooroased by limiting the action of the nitric acid and 
compounds obtained with different properties; for instanoe, the (impure) well-known 
collodion ootton, containing from 11 to 12 per cent, of nitrogen, and pyro~collo&ion 
(Mondoleofll, 1890), oontaining per cent, of nitrogen. Both these products are soluble in 
a mixture of aloohol and ether (in collodion a portion of the substance is soluble in aloohol), 
and tho solution when evaporated gives atransparont film, whidi is insoluble in water. A 
solution of collodion is employed in medioine for covering wounds, and in wet-plato 
photognvphy for giving on glass on even coating of a substance into which the various 
reagents employed in tho proooss are introduced. Extremely fine threads (obtained by 
forcing a gelatinous mixture of collodion, other, and aloohol through capillary tubes in 
water) of collodion form artifloial silk. 

57 hi8 property possossod by nitroglycerin (occurring in dynamite), nitrooellulose, 
and tho otlior nitro-oompounds, of burning with an explosion, and their employment for 
smokolets powder and as explosives in gonoral, depends on the reasons in. virtue of 
whioh a mixture of nitre and oliarooal dollagratos and explodes; -in both oases the 
olomonts of tho nitric acid occurring in tho comj)o\md are decomposed, the oxygon in 
burning unites with tlu» carbon, and the nitrogen is sot free; tlms a very largo volume 
of gaseous BUbstanoos (nitrogen and oxides of carbon) is rapidly formed from the solid 
suhstaneon originally token. Those gases occupy an inoomparably larger volume than 
tho original substanco, and therefore produce a powerful pressure and explosion. It is 
evident that in exploding wMi the development of boat (that is, in decomposing, not 
with the absorption of energy, as is generally Uio oase, but with the evolution of energy) 
f&Q nttro-oompounds form stores of energy whioh are easily oet free, and that con- 
neqtnently their elements ooour in a state of particularly energetio motion, which is 
ospocittlly strong in tho group NO*; this group is common to oil nitro-oompounds, and 
oil the oxygon oompounds of nitrogen are unstable, oosQy deoompoaable, and (Note 29) 
absorb heat in their formation. On the other hand, the nitro-oompounds are instructive 
as an example and proof of tlw fact that tho olomonts and groups forming compounds 
aro united in doflnito orddr in the moleoulos of a compound. A blow, concussion, or 
riso of tomporaturo is iiooaBsary to bring tho oombustiblo elements 0 and H into the 
most inthnate contact with NO.*, and to distribute the elements in a new order in new 
oompoundB. 

As regards tho oomposition of tho nitro-oompounds, it will be seen that the hydrogen 
of a given substanoo is Ksplaood by the oomplox group NO* of tho nitric acid. Tlie same 

observed in the passage of olkoliB into nitrates, so that tho reactions of substitution of 
nltrio add—that is, tho formation of salts and nitro-compounds—may be exinresBed in 
the following manner. In these oases the hydrogen is replaced by the so-dolled radicle 
ofmh'io acid NO*, a? is evident from the following table:— 


, OauBtki potash . . . KHO. /Glyoerin.OsHftHsOs. 

1 Nitre.KINO*)©. INitroglyooyin . . . . 08H6(NOa)5O5. 

f Hydrato of llmo . . . CallaO.j. (Phenol. . . ‘ ... CjHbOIL 

10aJioium nitrate . . . Ca{NO.j).jOj. iPiorioaoid.CoHa(N 03 ) 50 H, &o. 


The between the suits fonnted by nitrio aoid and the nitro-compoundo 
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sequentiy an oaddisingf agmt. Charcoal, as we have already seen, 
burns in nitric acid; phosphorus, sulphur, iodine, and the majority o? 
motals also decompose nitric acid, some on heating and others even at 
the ordinary temperature : the substances taken are oxidised and the; 
nitrio acid is deoxidised, yielding compounds containing less oxygen. 



I’m. 48.—ThomotUodotUeoompoultionofuIbi-ouaanhydrida, also ftpplloablo to tlio o'tlier oxides of 
ultroBoii, nnatotUolr analysis. NO, la generated from nitrate of lead In the rotort A. Nltrlo 
noil! and other Icaa volatile product^ nro oondunsed In B. Tho tube 0 0 ooutalns oonpor, and la 
heated from bolow. Umlooomposod volatile procluots (If any ore formed) are oondonaed In D, 
whioh Is cooled. If tho dooompositlon bo Ijnoompleto, brown fnmes moko their appearance in this 
reoalvor. Tho gaseous nltrogon Is ooUootod hi tho oylludor E. 

'Only a £ow metals, suoh os gold and platinum, do not act on nitric acid, 
but the majority, dooomposo it; in so doing, an oxide of the metal is 
formed, which, if it has the character of a base, acts on the remaining 
nitric acid ; honco, with tho majority of metals the result of the 
reaction is usually not an oxide of the metal, but the corresponding salt 


red-hot metnEto copper, eo that watev and nitxogon gas alone ore obtained. THs 
forms a means for.'determining the oomposition both <A nitric ooid and of all tho 
other oompouttda of nitrogen with 
oxygon, boonnso by oolleoting tho 
gaseous nitrogon formed it is 
poHslblo to o^oulato, from its 
volume, its weight and oonso- 
y^uonUy its amount in a given 
quantity of a nitrogenous sub- 
etanco, and by vroighing the copper 
botoro and after tho dooompo-- 
eltion it is possiblo to detormino 
tho amount of oxygon by tlio 
inorease in weight. The oomploto 
dooomposioion of nitric acid is 
also aocomplislied by passing a 
mixture of hydrogon and nltrio 
ttoid vapours through a rod-hot 
tube. Sodium also dooompoaos tho oxides of nitrogon at n rod-hoat, taking up all tho 
oxygen. This method is soinotimos peed lot determining the ooropoaition of tho oxidop 
of nitrooen. 



mo. 4a.~I)e)oompo*hiton of nitrons oxide by sodlnin. 
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determined, iiot only by the nature of the reacting substances, but also 
by the relative mass of water and nitric acid, and also by the temper¬ 
ature and pressure, or the sum total of the conditions of reaction ; and 
as in a given mixture even these conditions vary (the temperature and 
the relative mass vary), it not unfroquently happens that a mixture of 
different products of the deoxidation of nitric acid is formed. 

Thus the action of nitric acid on metals consists in their being 
oxidised, whilst the acid itself is converted, according to the temperature, 
concentration in which it is taken, and the nature of the metal, &c., 
into lower oxides, ammonia, or even into nitrogen.''* Many compounds 
arc oxidised by nitric acid like metals and other elements ; for instance, 
lower oxides are converted into higher oxides. Thus, arsenious acid is 
converted into arsenic acid, suboxide of iron into oxide, sulphurous 
acid into sulphuric acid, the sulphides of the metals, MjS, into sulphates, 
M2SO4, &c.; in a word, nitric acid brings about oxidation, its oxygen 
is taken up and transferred to many other substances. Cerrain sub¬ 
stances are oxidised by strong nitric acid so rapidly and with so great 
an evolution of heat that they deflagrate and burst into flame. Thus 
turpentine, C,oHiq, bursts into flame when poured into fuming nitric 
acid. In virtue of its oxidising property, nitric acid removes tlie 
hydrogen from many substances. Thus it decomposes hydriodic acid, 
separating the iodine and forming water ; and if fuming nitric acid be 
'poured into a flask containing gaseous hydriodic acid, then a rapid 

MonlomMtiui cndoiwoure to show that the products evolved in the action of nitrio 
acid ui)on metals (and their amount) is in direct connection with both the concentration 
of the acid and the capacity of the metals to decompose water. Those metals which 
only decompose water at a high temperature give, under the aotion of nitrie acid, NO^, 
Ns 04 , and NO; whilst those metals whioh decompose water at a lower temperature give, 
besides the above products, NaO, N, and NHj; and, lastly, the metals whioh decompose 
water at the ordinary temperature also evolve hydrogen. It is observed that oonoontrated 
nitrio aoid oxidises many metals with muoh greater difficulty than when dilnted with 
water; iron, ooppor, and tin arc very easily oxidised by dilute nitrio acid, but remain 
unaltered under the influence of monohydratod nitrio aoid or of the pure hydrate NHOj, 
Nitrio acid diluted with a largo quantity of water does not oxidise ooppor, but it oxidises 
tin; dilute nitrio acid also does not oxidise either silver or meroury; hut, on the addition 
of nitrous aoid, even dilute acid aots on the above metals. This naturally depends on 
the smaller slubiUty of nitrous acid, and on the fact that after the commencement of 
the aotion the nitric aoid is itsolf converted into nitrous acid, which continues to aot on the 
silver and meroury. Voloy (Oxford 1891) made detailed rosoarohes on the aotion of 
nitrio fvoid upon Cu, Hg, and Bi, and showed that nitrio acid of 80 p.o. strength does 
not aot upon these metals at the ordinary temporaturo if nitrous acid (traces-oro destroyed 
by urea) and oxidising agents such as HijOa, KCIO 3 , &o. be entirely absent; but in the 
proHonoo of oven a small amount of nitrous aoid the metals form nitrites, whioh, with 
XINOs, form nitrates and the oxides of nitrogen, whioh reform the nitrous aoid 
moOGBsary for starting the reaction, hocauao the reaotion aNO+HNOs + HaO^SHNOa ia 
reversible. The above metals aro quickly dissolved in a 1 p.o. solution of nitrous acid. 
Moreover, Voley observed that nitrio aoid is partially converted into nitrous add by> 
gaseous hydrogen in the presence of the nitrates of Cu and Pb. 
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i!ind theBACae composition, but they should be distinguished like ordinary 
oxygon and ozone, although in this case their mutual conversion is 
more easily effected and takes place on vaporisation ; also, O 3 loses heat 
in passing into O 2 , whilst ^364 absorbs heat in forming NOj. 

Nitric acid in acting on tin and on many organic substances (foi; 
example, starch) gives brown vapours, consisting of a mixture of 
and NOj. A purer product is obtained by the decomposition of lead: 
nitrate by heat, Pb(NOg)a=3NOj + O+PbO, when non-volatile lead 
oxide, oxygon gas, and nitrogen peroxide are- formed. The latter con¬ 
denses, in a well-cooled vessel, to a brown liquid, which boils at about 
22°. Tho purest peroxide 6 f nitrogen, solidifying at — 2°, is obtained 
by mixing dry oxygen in a freezing-mixture with twice its volume 
of dry nitric oxide, NO, when transparent prisms of nitrogen peroxide 
are formed in tho receiver : they melt into a colourless liquid at about- 
— 10°. When tho temperature of the receiver is above —9°, then 
crystals molt,^** and at 0 ° give a reddish yellow liquid, like that ob¬ 
tained in tho decomposition of lead nitrate. The vapours of nitrogen 
peroxide have a characteristic odour, and at thfe ordinary temperature! 
are of a dark-brown colour, but at lower temperatures the colour of 
the vapour is much fainter. When heated, especially above 60°, the 
colour becomes a very dark brown, so that the vapours almost lose their 
transparency. 

The causes of these peculiarities of nitrogen peroxide were not 
clearly understood until Devillo and Troost determined the density 
and dissociation of the vapour of this substance at different temperatures, 
and showed that the density variea If the density be referred to that 
of hydrogen at the same temperature and pressure, then it is found to 
vary from 38 at the boiling point, or about 27°, to 23 at 136°, after 
which tho density remains constant up to those high temperatures at 
which the oxides of nitrogen are decomposed. As on the basis of the 
laws enunciated in tho following chapter, the density 23 corresponds 
with tho compound NO 3 (because the weight corresponding with this 
nrolooular formula*s46, and the density referred to hydrogen as unity i® 
equal to half tho molecular weight); therefore at temperatures above 135® 
tho existonco of nitrogen dioxide only must bo recognised. It is thia 
gas wKioh is of a brown colour. At a lower tempei*aturo it form® 

A^oenrding to oortoin in-ffostlgations, if a biown liquid is formed from the melteii 
ory«tal» by heating above - 0 '’, then they no longer soHdliy at - 10 °, probably because w 
oortoin amount of NaOj (and oxygen) is formed, and this substance remains liquhj o« 
—80°, or it may bo tliat the passage from 9 NO 9 Into N 3 O 4 is not so easily oopompliahe® 
urn the pItBBftgo from Na 04 into BNO#. 

liquid nitrogen peroxide (Umt is, a mixtore of NO* and N9O4J is employed in admfrhi 
itoe with hydjrooorbona m on axplodve. 
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tures the vapotirs of nitrogen peroxide have not a constant density, but, 
on the other hond, above and below ^ese limits definite substances exist. 
Thus above 136° N 2 O 4 has ceased to exist and NO 3 aTone remains. It 
is evident that at the ordinary temperature there is a partially dissociated 
i^stem or mixture of nitrogen peroxide, NjO^, and nitrogen dioxide, 
NOj. In the brown liquid boiling at 22 ° probably a portion of the 
N 2 O 4 has already passed into NO 2 , and it is only the colouriess liquid 
and crystallino substance at — 10 ° that' can be considered as pure 
mitrogen peroxide,^’ 

The above explains ^e aoti<m <rf nitrc^en peroxide on water at low 
' temperatures. Nj 04 then aots- on water like a mixture of the anhy¬ 
drides of nitrous and nitric acids. The first, NjOj, .may be looked on 
water in which eaoh of the two-atoms o{ hydrogen is replaced by the 
radicle NO, while in the second each hydrogen is replaced by the radicle 
NOa, proper to nitric acid ; and in nitrogen peroxide one atom of the 
hydrogen of water is replaced by NO and the other by NO^, as is seen 
•from the formula)— 

NO|^. NO NOal^ 

Not^^ NOa)^' NOa)^^ 


or 


H*0,; NaO^; Na04 4 NaO, 


In fact, nitrogen peroxide at low temperatures gives with water (ice) 
both nitric, UNOg, and nitrous, HNOa, acids, The latter, as we shall 
.afterwards see, splits up into water and the anhydride, NjOs. If, how¬ 
ever, warm water act ou nitrogen peroxide, only nitric acid and mon¬ 
oxide of nitrogen are formed : • 3 N 0 a+Ha 0 =N 0 -|- 2 NH 03 . 

Although NOa is not decomposed into N and 0 even at 600°,] 
stin in many coses it acts as an oxidising agent. Thus, for instanoo,, 
it oxidises mercury, converting it into mercurous nitrate, 2 N 02 -fHg' 

pHiBHUros (loaa than tho atmospheric) at which thd Natansons mode their determina¬ 
tions; bnt it is probable that at higher pressures (of several atmospheres] moloodlos of 
NjO* would still bo formed, and it would bo oxooodifigly interesting to trace the pheno-’ 
xnena under Uio oonditious ol both very oonsiderabl© proseuros and of relatively largo' 
vohunoH. 

Liquid nitrogen peroxide is said by OoulUor to boil nil 22 °-Sfl°, and to have a sp. gr. 
at nnd rtt It Is evident that, in the liquid as in the gaseous state,! 

the variation of density with tbotomporatnro depends, not only on phy8ical,j3ut niso onj 
ohemloftl changes, as the amount of Na04 dooroasos and Uio amount oi NOj Inoroasos witK 
the temperature, and ilioy (oS polymerie substonoos) should Imvo didoront densities, as| 
we find, for lastonee, In tho hydroearbona C5H1Q and C,Jd 3 ao. 

It may not b© superfluous to mention hero that tho moaaufomont of the speoiflo beat 
of a mixlnro of U>8 vapoiurs of N9O4 and NO3 enabled Borthelot to determine that the 
transformation of SNOj into N8O4 is aoeomiwiniod by tho evolution of about 18,000 units 
of heat, and as tho roootion proooods with equal facility fa either direction, it wQ] bo 
exothermal In the one <lirootion and ei%dollvormal fa tho other, and this clearly domon- 
sterfttes the possibility of roaotlons toking place in either direction, although, as a rule, 
reactions ewoHinghoat proceed with greater ease. 
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depriving it of a portion of its oxygon; for instance, by fusing it (at 
not too high a temperature) with metals, such as lead, KNOg + Pb 
acKNOj + PbO/' >>>3 The resultant salt is soluble in water, whilst the 
oxide of lead is insoluble. With sulphuric and other acids the solution 
of potassium nitrlto''^ immediately evolves a brown gas, nitrous anhy¬ 
dride : 2 KNO.J -f-HaSO^—IC2SO., -pNgOg + H2O. The same gas (N.^Og) 
ie obtained by passing nitric oxide at 0° through liquid peroxide of 
nitrogen,or by heating starch with nitric acid of sp. gr. 1 ’ 3 , At a 
very low tomporature it condenses into a blue liquid boiling below 0°,®“' 
but then partially decomposing into NO + NOj. Nitrous anhydride 
possesses a remarkable capacity for oxidising. Ignited bodies burn in it, 
nitric acid absorbs it, and then acquires the pi'operty of acting on silver 
and other metals, even when diluted. Potassium iodide is oxidised by 
this gas just as it is by ozono (and by peroxide of hydrogen, chromic 
and other acids, but not by dilute nitric acid nor by sulphuric acid), 
with the separation of iodine. This iodine may be recognised {see 
Ozone, Chapter IV.) by its turning starch blue. Very small traces 
of nitrites may bo easily detected by this method. If, for example, 
starch and potassium iodide are added to a solution of potassium 
nitrite (at first there will bo no change, there being no free nitrous acid), 
and then sulphuric acid bo added, the nitrous acid (or its anhydride) 
immediately sot free liberates iodine, which produces a blue colour with 
the starch. Nitric acid docs not act in this manner, but in the presence 
of zino the coloration takes place, which proves the formation of 
nitrous acid in the deoxidation of nitric acid.*® Nitrous acid acts 


4) Loroy obtolnocl KNO® "by mixing powdered KNO 5 with BaS, Igniting the 
inlNluro in a crucible and washing the fused salts; BaSO^ is then left as an insoluble 
residue, and KNO® passes into solution: dKNOg + BaS^ilKNOi + BaSO®. 

43 Prcibably polasslum nitrite, KNO®, when strongly heated, especially with metallio 
oxiduR, evolvoH N and 0, and gives potassium oxide, KjO, because nitre is liable to such 
a (leeninpeHilion; but it has, as yol, boon but little invesUgated. 

44 nioro arc niajiy researches which lead to tho conclusion that the reaction NjOg 
b.jSIO.jH NO is rovorsihlo, i.e. rosomhlos tho conversion of N 3 O® into NO®. Tho brown 
Colour of tho fumoH of NijOj Is duo to tho formation of NO®. 

If nitrogen peroxide ho cooled to — 20 °, and half its weight of water'bo added to it drop 
by drop, then tho poroxide is docomposod, as wo havo already said, into nitrous and nitrlo 
acids i the former does not then remain as a hydrate, but straightway passes into the 
anhydride, nnd, henoo, if tho resultant liquid ho slightly warmed vapours of nitrous 
anhydride, NaOg, aro evolved, and condense into a blue liquid, as Fritescho showed. 
This method of preparing nitrous anhydrido aiiparcntly gives the purest product, but it 
easily dlseooialos, forming NO and NO® (and tlrorofovo also nitric acid in the pvesonee 
of walor). 

43 •Aocoi'ding to Thorpe, N.jOg boils at + 18°. According to Ooutlror, at + and ita 
«p. gr. at 0 ° «< 1'440. 

4* In tls oxidising action nitrous anhydride gives nitric oxide, N.®0s«2N0 + 0. Thus 
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'■The reaction commences at the ordinary temperature. Mercury and 
silver also give nitric oxide with nitric acid.. In these reactions with 
metals one portion of the nitric acid is employed in the oxidation of the 
metal, whilst the other, and by far the greater, portion combines with the 
metallic oxide so obtained, with formation of the nitrate corresponding 
with the metal taken. The first action of the copper on the nitric acid 
is thus expressed by the equation 

2 NHO;, + 3Cu=iH20 + 3 CuO + 2 NO. 

The second reaction consists in the formation of copper nitrate— 

6 NHO 3 + 80u0=8Ha0 4- 3 Cu(]Sr 03 ) 2 . 

Mtric oxide is a colourless gas which is only slightly soluble in 
water of a volume at the ordinary temperature). Eeactions of 
double decomposition in which citric oxide readily takes part are not 
known—that is to say, it is an indifferent, not a saline, oxide. Like 
tho other oxides of nitrogen, it is decomposed into its elements at a red 
heat (starting from 900 °, at 1 , 200 ° 60 percent, give N.2 and 2N2OJ1, but 
complete decomposition into Nj and O2 only takes place at the melting 
point of platinum, Emich 1892 ). Tho most characteristic property of 
nitric oxide is its capacity for directly and easily combining with oxygon 
(owing to tho evolution of heat in tho combination). With oxygon it 
forms nitrous anhydrido and nitrogen peroxide, 2N0+0=:N20j, 
2 N 04 -02=2N()2. If nitric oxide is mixed with oxygen and imme¬ 
diately shaken up with oauatic potash, it is almost entirely converted 
into potassium nitrite ; whilst after a certain time, when the formation 
of nitric peroxide has already commenced, a mixture of potassium nitrite 
and nitrate is obtained. If oxygen is passedinto abell jar filled with nitrio 
oxide, brown fumes of nitrous anhydride and nitrio peroxide are formed, 
oven in the absence of moisture ; these in tho presence of Water give, as 
wo already know, nitric acid and nitric oxido, so that in the presence of 
an oxccsB of water and oxygon the whole of the nitric oxide is easily and 
diro('.tly converted into nitric acid. This reaction of tho re-formation of 
nitric acid from nitric oxido, air, and water, 2N0-J-H30 + 03=2HlSr03, 
is frequently mado use of in practice. The experiment showing the 
conversion of nitrio oxido into nitrio acid is very striking and instructive. 
As the intermixture of tho oxygon with, tho oxido of nitrogen proceeds, 
tho nitrio acid formed dissolves in water, and if an excess of oxygen 
has not boon added the whole of thp gas (nitrio oxide), being converted 

temporaturo, boin^ moro rapid as tbo surtaco of the moroury is increased (if shaken, tli& 
reaction proceoda very rapidly). If tho gas bo passed over KHO, it is obtained quite 
pure, baoauM KHO dooB not nob upon NO at the ordinai 7 temperature (if heated, KNO* 
and N 9 O or arc formed). 
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into HNOj, i« Rb«>rb«dl, md iho wRtor entirely fillt tho beU j«,r 
provioutly oontaiaing tho gfli.*® It ii ovj«i»*nt that nlirio oxido** in 
ooinbining with oxygon h« a strong t^ntlwiey t« give the Iiigher 
types of nitrogen eotnpounriR, which wo in nitric add, HNO, or 
NO§(OH), in nitrlo nnhytlritle, NgO^ or (NO.^)5,(h muI in aramoniuro 
ehlorido, NII4GI. If X stand for »n nt*im of hydrogtnj, or its 
oquimlente, chlorino, hydroxyl, &e., awl if d, which i«, norordirjg to 
tho law of iubttifcutlan, oq^uivalcmt to H j, he IwliiuU'^l hy Xj, then th«ii 
throe t‘(im{K)mul« of nitrogen nlKivo nanUHl phouhl ho eosmiflmHl a* 
com|M)unil* of tho typ or form NXi,. For oxatriple, it» nitric acid 
XftwOg + CtlH), whtiro OjuaX^, Rod <>H»X whilrt nitrir tmido i« a 
omnpownd of tho form NXg. Hence this lower like lower formi 
In gonaml, ifcriv« by wmbinatiu^ to attain to the higher furmt proper to 
tho ocfwjmunda of a given olwitnt N X| imm» rtmiemti vdy into NX# 
—namely, into N.|C)a and Nllt)„ NX4 (for irwlance and NXj. 

As the dBOompodtiuii 0! nitrie oxide ln^glsm at l#mp<»rat«r»« abovo 
OOO®, many luhstancM bum in it; thu*, Ignitwl |ihc«phon« tJon* 
tinuM to burn in idtrlci oxide, bat iulphur wsd rhar«*l areextlngwlslj^ 
in ii Tbk it duo to tli§ fact that the h»»at ovolvetl in iho eondiuatiun 
of th«i two tul»to.nw !■ insuffioitnt for tli« d^^otojKWtlon cd tb» oitrle 

^ Thli ^ p««k»«Bi pww ftilrl# *»* 44 * »i»-l mm Utjtttd 

Bltrio ft«ld la ttw mwd with #Tf 4 iiMfw «f |»r*«#ni« » mtwi 

(trlking tnstoaeR ol llqueftteWm j:*fwt»e#*l lb«» mUm n< rhi»niif*4 “Ilwy {»«. 

fom wifelt «w» fclva w««rk wWrh ph|«iW {tw«4l»»at ««sl inmm 

wiUi difficttltf, In Otia lli« tn<»Ut»n, whfcb t« m dutlimtlvolf (tW ««f itw gwwiflii 

f« ftpumiwnUy s!f«W»y»«t. In ©Itwr rAi»* t 4 ehstaW aaliim it ia appawnliy 
«r«B.lwh nriwnji, me fr0m ktenl wtwty—lltat i«, tnmi Ow snolipn «i| Iht 

atwtis in lh« inniwttiwfc 

Nilrie t«W« it nf «NBl«rtag ink* mmif pbAwterbllrt c,wMl4M«lk«« j II |« 

abterW by lh« «*lalk*« r»f mmny *wkl», |dw«f!fe«n#, 

tttlpbafie, and mtkdlte ehkrWw {f«»r iidj, wllb »hlpb H f*»m« 

datnite @»d by lb» solatltw# «*f w»«| 

tiww Jjwwrf by snb»«W« «l taw {hw {«rf«w wlplwtel- l« IWa a brawn 

eempouad!»fow»#d wbkb h bk# *41 tb» ssiaiitfiinwi nl 

oilrta «tl4». Tb» MHaml ©f aitete »*M* ewsbliirf in 0,t« to in aWwIci |»ni« 

P«ftl« witb tts MWttal ©f wb^jw lakes; ibM furtwiw (wlfth*!#, abwbn 

It to fe* pwporWw »f NO to iPeW^. AtMatwl* to rtotol«»i by lb« at « eawtOa 
dteM i» ^ «wp«fl4 l»«»« lbs osnw *tf |J» allri# eskk »4 water «« 

te ttMi tmwm «s*i% fewtaf terrto e«Me, wbltoi ib« mnwffw r»fsd»to« wlU» 

^ bydropa «t tbs wate, 4«wrtltt|: to to« t«»«8Ufiiitoni *4 Oaf {i m$}, ib# «*«|«n»4 
to tem«d wife TOtiWffla ©i % krp famUtf el b«t, mi to ^iy Itoe » 

•olulto ©I ftmimtmia to wal«. H to wfldt&l lhat Cl*w 

•polwftlam pmnAnpaato, KMaO* Note I?) mi »W« to II toto Bftrte mM, W 

tti« pi^««« erf ft rftdiftlft NOf, »»p««4 Uto IMwexld*, mwM be to 

Cbft ftompeaad# «rf aJWa add, Ita ft wilA NO, «l ttlW« ©ild#, 

«ifty bftftdadttodta&ftWMMTOdBB^totoowftA Tb* to wbkb radteto 

m to «fteeptot 4 jw» «*1 M wtortmM #» d«*rd«d In 

]Mt Boagvft (Kbrf, IMI). 
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whilst the heat developed by burning phosphorus suffices to pto- 
duoe this decomposition. That nitric oxide really supports combustion', 
owing to its being decomposed by the action of heat, is proved by tile 
fact that strongly ignited charcoal continues to burn in the same nitrio 
oxide in which a feebly incandescent piece of charcoal is extin* 
guished 

The compounds of nitrogen with oxygen which we have so far con¬ 
sidered may all bo prepared from nitrio oxide, and may themselves be 
converted into it. Thus nitrio oxide stands in intimate connection 
with thorn.®® Tlie passage of nitrio oxide into the higher degrees of 
oxidation and the converse reaction is employed in practice as a means 
for tran^erring tho oxygen of the air to substances capable of being 
oxidised. Starting with nitrio oxide, it may easily be converted, with 
tho aid of tho oxygon of tho atmosphere and water, into nitrio acid, 
nitrous anhydride, and nitric peroxide, and by their means employed to 
oxidise other substances. In this oxidising action nitrio oxide is again 
formed, and it may again be converted into nitric acid, and' so on con¬ 
tinuously, if only oxygon and water be present. Hence the fact, which 
at first appears to bo a paradox, that by means of a small quantity of 
nitric Dxido in the prosonco of oxygen and water it is possible to oxidise 

A mixture of uitrio oxide and hydrogen is inflanrmablo. If a mixture of the two 
gasoB bo yaasod over spongy platinum tho nitrogen and hydrogen oven combine, forming 
ftnimouia. A mixture of nitric oxide with many combustible vapours and gases is very in* 
flammablo. A very oharaoloriB'io llamo is obtained in burning a mixture of nitrio oxide 
and tho vaxvour of tho combustiblo carbon bisulphide, CSj. Tho latter substance Is very 
volatile, so tliat it is suQlcient to pass tho nitrio oxide through a layer of the carbon bisul* 
phido (for instance, in a Woulfo’s bottle) in order that the gas escaping should contain a 
considerable amount of the vapours of this substance. This mixture continues to burn 
when ignited, and the flame emits a large quantity of tho so-ctalled ultra-violet rays, 
whioli are capable of inducing chemical combinations and decompositions, and therefore 
tho flams may bo employed In photography in tho absence of suffloiont daylight (magnesium 
light and olootrio light have tho earno property). There are mony gases (for mslanoe. 
ammonia) which when mixed with nitrio oxids oxplodo in a eudiometer. 

Tlio oxides of nitrogen naturally do not proceed directly from oxygen and nitrogen 
by c<^trtabt olouo, booauso Ihoir formation is aooompanlod by tho absorption of a largo 
quantity of limit, for {mo Note 30) about 31,600 boat units are absorbed virhen Id 
parts of oxygon and 14 parts of nitrogen oombino; oonsoquantly tho decomposition of 
nitrio oxido into oxygon and nitrogen is accompanied by tho evolution of this amount of 
heat I and thoroforo with nitrio oxide, as with all explosive substances and mixtures, tho 
reaction onoo started is able to proceed by itsolf. In faotiBerthelot roinarlcod tho deoom* 
position of nitric oxido in tho explosion of fulminate of mercury. This decomposition 
dties not take plaoo spontanoously; substances ovon burn with difficulty In nitrio oxide, 
probably bocauso a certain portion of the nitrio oxido in dooomposing gives oxygon, which 
emubines with another portion of nitric oxido, and forms nitric peroxide, a somewhat more 
stable coiuxiound of nitrogen and oxygon, Tho further combinations of nitrio oxide with 
oxygon all xirocood with the evolution of hoat, and toko place spontaneouely by contact 
with air alone. It is ovidont from thooe examples that the applioation of tbermoohemicai 
data is Ibnited. 
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an mdefinitely large quantity of substances which cannot be directly 
oxidised either by the action of the atmospheric oxygen or by the 
action of nitric oxide itself. The sulphurous anhydride, SO2, which 
is obtained in the combustion of sulphur and iii roasting many metalUo 
sdlphides in the air is an example of this kind. In practice this gas 
is obtained by burning sulphur or iron pyrites, the latter being thereby 
<jon?erted into oxide of iron and sulphurous anhydride. In contact with 
the oxygen of the atmosphere this gas does not pass into the higher 
^egr^ of Oxidation, sulphuric anhydride, SO 3 , and if it does form sul¬ 
phuric acid with water and the oxygen of the atmosphere, SO^ + HaO-f 0 
=H2S04, it does so very slowly. With nitric acid (and especially with 
nitrous acid, but not with nitrogen peroxide) and water, sulphurous 
anhydride, on the contrary, very easily forms sulphuric acid, and 
specially so when slightly heated (about 40 °), the nitric acid (or, better 
still, nitrous acid) being converted into nitric oxide— 

3S0.2 + 2NHO3 + 2H20=2H.2SO4 + 2NO. 


The presence of water is absolutely indispensable here, otherwise 
sulphuric anhydride is formed, which combines with the oxides of 
nitrogen (nitrous anhydride), forming a crystalline substance containing 
oxides of nitrogen (chamber crystals, which will be described in Chapter 
XX.) Water destroys this compound, forming sulphuric acid and 
separating the oxides of nitrogen. The water must he taken in a 
greater quantity than that required for the formation of the hydrate 
H2SO4, because the latter absorbs oxides of nitrogen. With an excess 
of water, however, solution does not take place. If, in the above re¬ 
action, only water, sulphurous anhydride, and nitric or nitrous acid be 
taken in a definite quantity,, then a definite quantity■ of sulphuric acid 
and nitric oxidewill be formed, according to the preceding equation j but 
there the reaction ends and the excess of sulphurous anhydride, if there 
be any, will remain unchanged. But if we add air and water, then the 
nitric oxide will unite with the oxygen to fonn nitrogen peroxide, and 
the latter with water to form nitric and nitrous acids, which again give 
rtdphuric acid from a fresh quantity of sulphurous anhydride. Nitric 
OJade IS formed, which is able to start the oxidation afresh if 
aiS^t air. Thus it is possible with a definite quantity of 
nitnc oxide to convert an indefimtely large quantity of sulphurous 
anhydride into sulphuric acid, water and oxygen only being required.®^ 


. instance of the action of a email quantity of NO in inducing a definite 

teacfaOT ^een ^ maesee (S 0 ,+ 0 +H 20 =H,S 04 ) ie very inetractive, 
feeeauae^fee yticularB tefotag to it Imvo been studied, and eho-^ that intermediate 
tooftea eto may be d&cove,^ ta the so-called contact or catalytic phenomena. 
HwMseoee cl (be matter here is that A. f=SOj) reacts upon B (= 0 and HjO) in the pre. 
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This may be easily demonstrated by an experiment on a small scale, if 
a certain quantity of nitric oxide be first introduced into a flask, and 
sulphurous anhydride, steam, and oxygen be then continually passed in. 
Thus the above-described reaction may be expressed in the following 
manner;— 

nSOj-f wO -}- (TO'f-n?)HsjO-f N0=«H2S0,„mH20-f]Sr0 

if wo consider only tho original substances and those finally formed In 
thisway a definito quantity of nitric oxide may serve for the conversion of 
an indefinite quantity of sulphurous anhydride, oxygen, and water into 
sulphuric acid In reality, however, there is a limit to this, because air, 
and not pure oxygen, is employed for the oxidation, so that it is necessary 
to remove tho nitrogen of the air and to introduce a fresh quantity 
of air. A certain quantity of nitric oxide will pass away with this 
nitrogen, and will in this way bo lost.®*^ 

The proceding scries of changes serve as the basis of the rrMnyfacture 
of sulpimric acid or so-called chamber acid. This acid is prepared on a 
very largo scale in chemical works because it is the cheapest acid whose 
notion can bo applied in a groat number of cases. It is therefore used 
in immense quantities. 

BonoQ of 0, hcoauBO it gives BC, a substanoo which forms AB with A, ancl again lihoratoa 
O. Oonsoquonlly 0 is a moiiium, a transEovring suhstanco, wibhout which tho reaction 
cloos nob procoefl. Many similar phonomona may bo found in oilier dopartmonts of life. 
Thus the morohant is an indisponsahlc medium hotwooa tho producer and tho consumer; 
experiment is a medium hotwoon tho phonomona of nature and tho cognisant faculties, 
and language, ousloms, and laws aro media which aro as noeossory for tho exchanges 
of Booial intoroourso as nitric oxide for those between sulphuroas anhydride and oxygen 
I^nd water. 

w If the sulphurous onhydtido bo prepared by roasting Iron pyrites, FeSj, then 
each equivalent of pyrites (equtvalant of Iron, 60, of sulphur 82, of pyrites 120} requires 
eht equivalonts of oxygen (tlmt Is 00 parts) for tho conversion of its sulphur into sul- 
phurio aoid (for forming with water), besides li) equivalents (24 parts) for oon- 

vorting tho iron into oxide, FoaOj; honoo tho combustion of the pyrites for tho formation 
of sulphurio aoid and forrio oxido requires tho introduction of an equal weight of oxygen 
(120 parts of oxygon to 120 ports of pyrites), or flvo times its weight of air, whilst four 
parts by weight of nitrogen will remain fnaotivo, and in tho romoval of the oxliaustod 
air will carry off tho romaining nitric oxido. If not all, at least a largo portion of tho 
nitrio oxide may ho collootod by passing tho osoaiiing air, still containing some oxygon, 
tlirough substanooBwhioh absorb oxidosof nitrogen. Sulphuric aoid itsoU may bo omployod 
for this puriiotfo if It bo used in the fonn of the hydrate 113304, or containing only a 
emtUl amount of water, booausa such sulphuric acid cUssolvos tlio oxides of nitrogen. 
They may be easily expelled from this solution by heating or by dilution with water, as 
they aro only slightly soluble in aqueous Bulphurio aoid. Bosidos whioli, sulphurous 
anhydride acts on such sulphuric aoid, being oxidised at the expense of the nitrous arihy- 
dride, and forming nitrio oxide from it, whioli again enters into tho oyolo of action. For 
tills reason tho sulphurio aoid whioli haa absorbed tho oxides of nitrogen escaping from 
the ohambors in the towor k (seo fig. 60) is lod baolc into the first eliambor, where it 
oomes into oontaoi with sulphurous auliydrido, by which means tho oxides of nitrogen 
ture reintroduced into the reaction which proooeds in the ohambors. This is the uso of 
the towers (GayxLnssao's and Glover’s) whidi ore eieoted at eitkor end of the ohambeis. 
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The process is carried on in a series of chambers (or in one divided 
by partitions as in fig. 50 , which shows the beginning and end of a 
chamber) constructed of sheet lead. These chambers are placed one 
against the other, and communicate by tubes or special orifices so 
placed that the inlet tubes are in the upper portion of the chamber, 
and the outlet in the lower and opposite end. The current of steam 
and gases necessary for the preparation of the sulphuric acid passes 
through these chambers and tubes. The acid as it is formed falls to 
the bottom of the chambers or runs down their walls, and flows from 



ohambei’8, the first, and Inst cUambers only being reurosented. 
lue tower to Uie left 18 called the Gloyer's tower, and that on the right the Gay.Luasao's tower, 
was than ^th of the natural site. 


chamber to chamber (from the last towards the first), to permit of 
which the partitions do not reach to the bottom. The floor and walls 
of the chambers should therefore be made of a material on which 
the sulphuric acid will not act. Among the ordinary metals lead is 
the only one suitable.*® 

For the formation of the sulphuric acid it is necessary to introduce 

Other metals, iron, copper, zinc, are oojToded by it; glass and china are not 
ae^Jupo^ bntthey crack from the voxiations of temperature taking place in the chambers, 
^ b^dee they are more difScnlt to. join properly than lead; wood, &o., become* 
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sulphurous anhydride, .steam, air, and nitric acid, or some oxide of 
nitrogen, into the chambers. The sulphurous anhydride is produced by 
burning sulphur or iron pyrites. This is carried on in the furnace with 
four hearths to the left of the drawing. Air is led into the chambers 
and furnace through orifices in the furnace doors. The current of air 
and oxygon is regulated by opening or closing these orifices to a greater 
Or loss extent. The ingoing draught in the chambers is brought about 
by the fact that hcatod gases and vapours pass into the chambers, whoso ' 
toinpcraturo is further raised by the reaction itself, and also by the 
remaining nitrogen boing continually withdrawn from the outlet (abovo 
the tower ic) by a tall chimney situated near tho chambers. Nitrio 
acid is prepared from a mixture of sulphuric acid and Chili saltpetre, 
in tho same furnaces in which tho sulphurous anhydride is evolved (or 
in special furnaces). Not moro than 8 parts of nitro are taken to 100 
parts of sulphur burnt. On leaving the furnace the vapours of nitrio 
acid and oxides of nitrogen mixed with air and sulphurous anhydride 
first pass along tho horizontal tubes t into tho receiver n n, which is 
partially cooled by water flowing in on the riglitdiand side and running 
out on tho loft by o, in order to reduce tho temporaturo of tho gasos enter¬ 
ing tho cliambor. Tlio gasos then pass up a tower filled with coke, and 
shown to tho loft of tho drawing. In this tower aro placed lumps of coke 
(tho residue from tho dry distillation of coal), over which sulphuric acid 
trickles from the reservoir m. This acid has absorbed in tho end tower ic 
tho oxides of nitrogen escaping from tho chamber. This end tower is also 
filled with coko,ovcr which a stream of strong sulphuric acid tricklos from 
tho reservoir m’. Tho acid spreads oven the coke, and, owing to the large 
surface offered by tho latter, absorbs the greater part of the oxides of 
nitrogen escaping from the chambers, Tho sulphuric acid in passing 
down tho tower becomes saturated with the oxides of nitrogen, and 
flow.s out at h into a spocial receiver (in tho drawing situated by tho 
side of tho furnaces), from which it is forced up the tubes h' h' by steam 
pri'Ksuro into tho reservoir M, situated above tho first tower. The gases 
passing through this towor (hot) from tho furnaco on coming into con¬ 
tact with tho siilphuric acid take up tho oxidos of nitrogen contained 
in it, and those aro thus returned to tho chamber and again participate 
in the reaction. Tho sulphuric acid loft after their extraction flows 
into tho chambers. Thus, on leaving tho first coke towor the sulphurous 
aunydrido, air, and vapours of nitric acid and of tho oxides of nitrogen 
pass through tho uppm- tube m into tho chamber. Here they coma 
into contact with steam introduced by lead tubes into various parts of 
tho chamber, Tho reaction takes place in the presence of water, the 
sulphuric acid falls to the bottom of tho chamber, and tho same process 



tata in li»Mk>wteg ehambert until tlwi whoteot tha tulphttroc® 
Anhjtirkla ia conirowiwi A »ORM»wh^ grvAter proportion of Mir than it 
•trictiy nfv^#i«*ry i* \^hm\ in, In onlpr thftfc no iulphuttnis anhydrikl® 
«h«ul«l l» i»fi unalteml for w»nt i4 wflieipnt mygen. Tlw prownot 
df an rif la Aown by tlia mlciwr of tbp escapiog 

fwim lt»t^ krt chawilwr If lln?y k of » |ml« mloar It indfcatri an 
tottfilcfenof of fclr (*,wi t-liiprf»en«idf inlphunw® anhydride), m oth»>- 
wi«i p»;^xid» t4 nttPf^to ww^kl \m for»ed. A very dark colour ihofri 
»fi mt«m »»f iiif, which k «Jmj di»*4;lva,tst*iff««i, It inermw* ^ 

in*»%-it«bl« Irtsis ui lutfic oxiclo by ifuwftiiing the uwa** of f^oftpiag 

mmir,, It almlkr t/s wftter in ll« wUjrartrio eotnpt^. 

Hon. Two votumw of niliwii oukle vm fwm two volum« ol 
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nitrogen and one volume of oxygen, which may be shown by the ordinary 
method for tho analysis of the‘oxides of nitrogen (by passing them over 
red-hot copper or sodium). In contradistinction to the other oxides of 
nitrogen, it is not directly oxidised by oxygen, but'it may be obtained 
from tho higher oxides of nitrogen by tho action of certain deoxidising 
eubatanoes ; thus, for example, a mixture of two volumes of nitric oxide 
and ono volumo of sulphurous anhydride if left in contact with Water 
and spongy platinum is converted into sulphuric acid and nitrous oxide, 
2 KO-bSOa+ Ha0a=HaS04-f NgO. Hitrio acid, also, under the action 
of certain metals—for instance, of zinc®®—gives nitrous oxide, although 
in this COSO mixed with nitric oxide. The usual metBod of preparing 
nitrous oxide consists in tho decomposition of ammonium nitrate by the 
aid of heat, because in this case only water and nitrous oxide are formed, 
NIl4N'0aBa2H30-l-]Sra0 (a mixture of NH^Ol and KNOj is sometimes 
taken). Tho docompoaition proceeds very easily in an apparatus like 
that usod for tho preparation of ammonia or oxygen—that is, in a 
retort or flask with a gas-oonduoting tube. decomposition must, 
howovor, bo carried on carefully, as otherwise nitrogen is formed frorp 
tlio decomposition of the nitrous oxide.^® 

•«NfiH8044SH30 + NaO), ftBJnoll amount of hyponltroua acid wliioh may be precipitated 
in tho form of tho ellver salt: and this reaction is most simply expressed by taking the 
doubled fomrula of hyponikrous acid, NHa(0H)4N0(0H)«iH20 + NaH302. The best 
argument in favour of the doubled formula Is tho property possessed by hyponitrous acid 
of forming acid salts, HNaNjOj (Zorn). 

Aoeordlng to Thouno, tho following ore the proportios of hyponitrous acid. When 
Hlwvatbtl from tho dry silver salt by tho action of dry sulphurettod hydrogen, hyponitrous 
acid is unstable, and easily explodes even at low tomperatures. But when dissolved in 
water (liavlng been formed by tho action pf hydroohlorlo acid upon the silver salt), it is 
stable even when boiled with dilute ooids .and olkoUs. The solution is colourless and 
hoi a strongly acid reootion. In the oourse of time, however, the aqueous solution also 
deoompoftes into nitrous oxide and waten The complete oxidation by permanganate of 
potash proceeds according to tho following equation! SHjNaOj + SKMnOji + IZHjSO* 
«. lOIINOa4 4Ka804 + 8MnS04412HaO, Iq an aUcalino solution, KMnO* only oxidises 
hyiKiiiilrouB acid into nitrous and not into nitric acid. Nitrous acid has a decomposing 
actiiiu upon hyponitrous acid, and if Uio aqueous solutions of tho two acids be mixed to- 
gullmr Uioy immudiatuly glvo off oxides of nitrogen. Hyponitrous acid does not liberate 
Ctbj iriun its Halts, but on tho other hand it is not diaplaood by COj, 

**• It is romarltablo that oluotro-doiiosltod copper powder gives nitrous oxide with a 
10 p.o. (Mdutiiiu of nilrio acid, whilst ordinary copper gives nitric oxide. It is here 
evident that the xdiysical and mochanioal structure of tho substance aCeots the course ol 
the rnaetinn—that is to say, it is a ease of oontaot-aotiom 

« This dooompoBilitm la aooompanied by Uio evolution of about 26,0Q0 ooloriea per 
molecular quantity, NH^NOs, and therefore talcoa plaoo with oaso, end sometimos with 
on explosion .. , j 

w In order to remove any nitric oxido that might bo present, the gas obtained is 
poHsed through a soluUon of ferrous sulphate. As nitrorfs oxido is very soluble In cold 
water (at O'*, 100 volumes of water dissolve 100 volumes of NjO} at 20°, 67 vmumes)^# 
most be collected over warm water. The nitrous oxide is much more soluble th^ ni^ 
p«lde,wWeh is la sgrooroent. with the ffwl that idtiwis (adds is much more easily liquaflsa 

*14 
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Nitrous oxide i* notapirm&uont boUing point +36®), 

it is easily Uquetied by the aotion of cold under a high preiiur© , at 
16® it may be liquefied by a proaroro of about 40 atmoapherm. This 
gM i« usually liquefied by means of tlie fore® pump ihown In %. 61 
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As it is liquefied wfth comparative ease, and as the cold produced by its 
vaporisation is very considerable,^* it (as also liquid carbonic an¬ 
hydride) .is often employed in investigations requiring a low tempera¬ 
ture. Nitrous oxide forms a very mobile, colourless liquid, which acts 
ou the skin, and is incapable in a cold state of oxidising either 
metallic potassium, phosphorus, or carbon; its specific gravity is 
slightly less than that of water (0® = 0-910,10® = 0-866, 35® = 0-60» 
89° =3 0‘46, Villard, 1894). When evaporated under the receiver of an 
air-pUrap, the temperature falls to — 100®, and the liquid solidifies 
into a snow-like mass, and partially forms transparent crystals. Both 
these substances are solid nitrous oxide. Mercury is immediately 
solidified in contact with evaporating liquid nitrous oxide.’'* 

When introduced into the respiratory organs (and consequently 
into the blood also) nitrous oxide produces a peculiar kind of intoxica¬ 
tion accompanied by spasmodic movements, and hence this gas, 
discovered by Priestley in 1776, received the name of ‘laughing gas.' 
On a prolonged- respiration it produces a state of insensibility (it is an 
anoesthetic like chloroform), and is therefore employed in dental and 
surgical operations. 

Nitrous oxide is easily decomposed into nitrpgen and oxygen by the 
action of heat, or a series of electric sparks ; and this explains why a 
number of substances which cannot burn in nitric oxide do so with 
great ease in nitrOUs oxide. In fact, when nitric oxide gives, some 
oxygon on decomposition, this oxygen iramedititely unites with a fresh 
portion the gas to form nitric peroxide, whilst- nitrous oxide does 
not possess this capacity for further combination with oxygen.’^*' A 
mixture of nitrous oxide with hydrogen explodes like detonating 

jlderftblo, namely (aoeordlng to Eegnault)', a<<+10°«<l6 atmospheres, at 0®«=86 atmo¬ 
spheres, at -10°®29 atmospheres, and at) r-aO^aas atmospheres. It boils at -92®. 
ond the pressure is then therefore "j*! atmosphere {see Chapter 11., Note 27). 

Liquid nitrous oxide, fn vaporising at the same presspro as liquid carbonic 
Anhydrido, gives rise to almost equal or even slightly loiver temperatures. Thus at a 
proBBUro of 26 mm. carbonic anhydride gives a temperature as low as -116®, and nitrous 
oxido of -126° (Dowar). The similarity of those properties and even of the absolute 
boiling point (CO, *1-82®, NjO-fSO®) is all the more romarkablo because those gases have 
tlio flame molecular weight “44 (Chapter VII.) 

A very oliaraotoristio experiment of simultaneous combustion and liitonso cold 
may bo performed by moojis of liquid nitrous oxido pif liquid nitrous oxide bo poured 
into A test tube oonlalnJng some mercury the mercury will solidify, and if a pfeoa 
of red-hot oharooal bo thrown upon the surface of the nitrous oxide it will continue to 
bum very brilliantly, giving rise to a high temperature. 

t* In tlie following chapter we shall consider the volumolrio oompoeition of the 
oxides of nitrogen. It explains tho difleronoe between nitric and nitrous oxide. 
Nitrous oxido is formed with a diminution of volumes (oonlroctiori), nitric oxide without 
contrftAUon^ its volume being equal to the sum of the volumes of the nitrogen and oxygen 
of whIohithiDCmposodt By oxidation, U it oould be dlreotlyaooompUsbedi two volumes ot 
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gas, gosfloas nlfcrogen being formed, HfO-hHjMiHiO-fHt. Tbi 
volame of the remaining nitrt»gen is ©qoal to the original ■rolnm® of 
nitrous oxide, and ie equal to the volume of hydnjgen mtoring into 
oombination with the oxypn ; hinoo In thii reaction equal volumet of 
nitrogen and hydrogen replace meh other Nitroo* oxkk m al*o very 
eaeily deoorapofied by red-hot metak i and tulphur, phMphorui, and 
oharooal bum in it, although not to brilliantly m in oxygen. A sub. 
stance in burning in nitrous oxW§ «volvt« more heat limn an iH|wal 
quantity burning In oxygen j which mMt cltarly showi that In tlw 
formation of nitrous oxide by the combination of nitrogen with oxypn 
there was not an evolution but an ab»»rption of h«t, there Wing no 
other iouroa for the exomi of heat in th® combuttion of iulwlanew In 
nitrous oxide (we Note 20). If a givtm volume of nitroui oxide Ite 
decomposed by a metal—lor initanoe, sodium--then there rewidiw, 
after cooling and totol deeomptJtition, a volume of nJtrofen, exactly 
equal to that of the nitroui oxide taken ; wnaequintly the o*yg«n i«, 
so to say, distributod betwetn the atomi ol nilrogisn without prt^uelnf 
an inermio in th© volume of th® nltoogen. 
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